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A concise but thorough presentation of the 
fundamental information which underlies 


advanced electrical engineering subjects 


BASIC THEORY IN 
ELECTRICAL ENGINEERING 


by Royce G. Kloeffler and Earl L. Sitz 


An introduction to the field of electrical engineering, this text 
treats in logical order, the electrical units, the electrical circuit, 
electric power, conductors, semi-conductors, insulators, magneto- 
statics, the magnetic circuit, and electrostatics. The rationalized 
mks system is used throughout except for the material on the 
design of magnetic circuits, where the English system is also given. 


Notable Features: 


e@ The book has been designed for and tested as a text for the first 
course in electrical engineering. Almost every topic is introduced 
by a completely worked out illustrative problem. Many of these 
problems provide important supplementary knowledge for the 
student. Extensive problems are given at the end of each chapter. 


The choice of material, illustrative problems, and problems for 
the student have been combined with 230 illustrations and a care- 
ful arrangement of topics to produce a very “teachable” book. 
The text is thorough but not too long for a 3-4 semester hour course. 


The book is completely up to date in technical coverage. For 
example, the latest theories of semiconductors and ferromagnetism 
are discussed in a manner suitable for the level of the book, and 
the student is introduced to the mechanism of current flow in semi- 
conductors. 


A short chapter on electromagnetic waves is provided for those 
teachers wishing to introduce their students to these concepts in 
the first course. 


Publishedfin May 


60 FIFTH AVENUE, NEW YORK 11 
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Introduction toe Electric Power Systems 


Joseru G. Tarsoux, Professor of Electrical Engineering, University of 
Michigan 
Covers the theory and operation of power-transmission systems under bal- 
anced steady-state conditions, and system characteristics under unbalanced 
or faulty operation, since most electrical engineering graduates in the 
power field come into contact with lines already built and in operation. 
Revised edition (1949), 395 pages. $5.00. 


Theory and Application of Electrical Engineering 


E. W. ScHILLING, Dean of the School of Engineering, Montana State 
College 


Properly emphasizes circuit theory and machinery, although other subjects, 
especially electronics, illumination, and storage batteries, are covered more 
thoroughly than in most texts designed for nonelectricals. The use of 
complex notation is not restricted to single-phase a-c circuit problems but 
is used throughout. First edition (1951), 400 pages. $5.50. 


Lines, Networks, and Filters 


WILLIAM M. BREAZEALE, Oak Ridge National Laboratory, and Law- 
RENCE R. QuaRLEs, Professor of Electrical Engineering, University of 
Virginia 
Intended to strike a balance between theory and practice. Suitable for 
third- and fourth-year engineering or physics students after a semester or 
quarter course in alternating-current circuits. Utilizes rationalized MKS 
- units throughout. First edition (1951), 395 pages. $5.00. 


Electrical Engineering 


EMERSON E. KIMBERLY, Professor of Electrical Engineering, Ohio State 
University 


Written especially for those not majoring in electrical engineering, this 
book will also give those electrical engineering students who are majoring 
in communications a working knowledge of power machinery they are 
likely to need. Third edition (1951), 394 pages. $5.50. 


NTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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noxvilk NEW ENGINEERING BOOKS 
FROM ADDISON-WESLEY 
ring an 
THERMODYNAMICS 
ineerin, By JoHN Francis Leg, Professor of Mechanical Engineering, 
| North Carolina State College, and FRANCIS WESTON SEARS, 
Professor of Physics, Massachusetts Institute of Technology 
Dean The purpose of this textbook is to provide a mature approach to 
the basic principles of thermodynamics for all engineering and 


Researt applied-science students regardless of their ultimate professional 
5 objectives. Although the book is written primarily for a one-year 
undergraduate course, the subject matter is so organized -that suit- 
able selections may be made for a shorter course. 

Emphasis is placed on basic principles rather than on detailed en- 
gineering applications. This is done in order to encourage a fuller 


mn Unie understanding of thermodynamics as a basic science and to develop 
an orderly process of reasoning from its fundamentals. The prob- 

It lems have been very carefully selected without regard to any par- 
see ticular field of professional specialization, and they should serve to 
Illinois stimulate the imagination and interest of all students. They are an 


integral part of the text and are designed to aid in the understand- 
ing of principles and to develop the power to reason from these 


TER. principles. 
Cloth, c. 576 pp., 199 illus., 1955 — $10.00 ($8.50)* 
NS AEROELASTICITY 
By R. L. BisPpLiNGHoFF, HOLT ASHLEY, and R. L. HALFMAN, 
Massachusetts Institute of Technology 
‘KER 


A clear, complete presentation of the fundamentals of aeroelastic- 
JURLAN) ity, suitable for use either as a text on the advanced undergraduate- 
graduate level, or as a reference book. While applications are also 
included, they are used mainly for the purpose of illustrating funda- 
mentals. 

After a general introduction, the book is divided into four main 


ooee: parts, covering: fundamentals of elasticity and dynamics of de- 

2M SBY formable bodies; fundamentals of aerodynamics which find applica- 

tion in aeroelasticity; equations of aeroelasticity; and experimental 
methods 

Ss j Since each chapter progresses from the easy to the hard, the text 

may be used for an introductory course in aeroelasticity by cover- 

ing the first parts of selected chapters. For such a course a back- 

VILCOX | ground of differential equations, including at least an introduction 

IVIAN to the notions of partial derivatives and partial differential equa- 

tions, is necessary. Other parts of the book may serve as the basis 

NDORF for advanced courses in the subject, or for an introductory labora- 


tory course in experimental aeroelasticity. For these courses, as well 

as for an understanding of the book as a whole, advanced calculus 
is a prerequisite. 

Cloth, c. 875 pp., 318 illus.; to be published Summer 1955 

Price to be announced. 


*Indicates college adoption price, five or more copies for classroom 
use. 


EXAMINATION COPIES AVAILABLE UPON REQUEST 


ADDISON-WESLEY PUBLISHING COMPANY, INC. 
= Cambridge 42, Massachusetts 


: 
Bronwél, : 
1, Editor 
2 act 
25. 
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Gor YOU needs . 
NEW & FORTHCOMING BOOKS 


PROCEEDINGS OF SYMPOSIA IN APPLIED MATHEMATICS 
AMERICAN MATHEMATICAL SOCIETY 


ELASTICITY. Volume III 
rare by RUEL V. CHURCHILL, University of Michigan. 233 pages, 
$6. 


saa _ is a collection of 17 papers presented at the American Mathematical 
Society’s Third Symposium on Applied Mathematics, held at the University of 
Michigan in June, 1949. The book offers a selection of recent developments in 
the mathematical theory and applications of elasticity and plasticity, and repre- 
sents contributions to the subject made by specialists in these fields. Grouped as 
far as possible according to subject matter, the papers cover such topics as exten- 
sions of approximation methods and of the general theory of elastic and plastic 
deformation, as well as new applications of the elastic theory of plates, shells, 
beams, columns, and shafts, and new methods of analysis of stresses in elastic 
and elastic-plastic structures. 


FLUID DYNAMICS. Volume IV 
Edited by M. H. MARTIN, University of Maryland. 186 pages, $7.00 


This volume consists of papers presented at the meeting held at the University 
of Maryland in June, 1951, co-sponsored by the American Mathematical Society 
and the United States Naval Ordnance Laboratory. Fourteen papers on fluid 
dynamics bring together recent contributions under the four broad headings of 
turbulence, compressible flow, foundations, and incompressible flow. The book 
contains contributions to the statistical theory of turbulence, papers on the mathe- 
matical theory of supersonic and transohic flow; a treatment of shock waves and 
gravity waves; and articles on propeller theory, numerical methods, viscous flow, 
and the method of singularities. As a reference volume, it is useful to engineers, 
mathematicians, and physicists who are interested in the mathematical treatment 
and applications of fluid dynamics. 


WAVE MOTION AND VIBRATION THEORY. Volume V 
Edited by ALBERT E. HEINS. 163 pages, $7.00 


Here is a collection of fifteen addresses delivered at the Fifth Symposium of the 
American Mathematical Society. The book presents in a single accessible and 
convenient volume a group of recent contributions of recognized authorities in 
their respective fields. Reporting the mathematical methods in many diverse 
fields, the text is united by the general physical topics of wave motion and vibra- 
tion theory. The latest advances are thoroughly discussed in some papers and 
the others seek to clarify some confused issues. 


NUMERICAL ANALYSIS. Volume VI 

Edited by JOHN H. CURTISS, Jr. In press 
This volume, cosponsored by the American Mathematical Society and the National 
Bureau of Standards, contains all but two of the papers which were presented at 
the Sixth Symposium held at Santa Monica City College in August 1953. It pre- 
sents selections in the theory and art of computing and keeps pace with the rapid 
advances being made in computer technology. This excellent and interesting 
collection of papers represents the works of recognized authorities in their re- 
spective fields. 


Send for 


McGRAW - HILL 
330 West 42nd Street 
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Engineering Books 


5 THE BATEMAN PROJECT BOOKS 
Edited by 
A. ERDELYI 
California Institute of Technology 

; The Bateman Project consists of five books: three volumes titled HIGHER 

1 TRANSCENDENTAL FUNCTIONS and two supplementary volumes, TABLES 

f OF INTEGRAL TRANSFORMS. The project was originally conceived by the 

n late Professor Harry Bateman of the California Institute of Technology. After 

ss his death in 1946, the California Institute of Technology, with the financial sup- 

A port of the Office of Naval Research, assumed responsibility for carrying out 

= Bateman’s plans. 

c At this time Professor Erdélyi took staff responsibility, supervising preparation 

3, of and editing the work. The staff consisted of Professor Wilhelm Magnus of 

c New York University; Professor Fritz Oberhettinger of the American Univer- 
sity; Professor Francesco G. Tricomi of the University of Turin, Italy; and a 
staff of young mathematicians. 

HIGHER TRANSCENTAL FUNCTIONS 
This exceptional three-volume work of reference on advanced mathematics is of 

y great usefulness in many fields of engineering, physics, and mathematics. The 

, volumes provide a comprehensive account of virtually all the “special functions” 

f which have found widest application in pure and applied mathematics. 

k VOLUME I : 302 pages, $6.50 

ie This volume contains material on the gamma function and related functions, Le- 

d gendre functions, the hypergeometric function, confluent hypergeometric functions, 

v, and generalized hypergeometric functions. 

: VOLUME II 396 pages, $7.50 
Contains chapters on Bessel functions and related functions, exponential, sine, 
cosine, integrals and related functions, parabolic cylinder functions, orthogonal 

/ polynomials, elliptic functions and integrals. 

VOLUME III 312 pages, $6.50 
In this volume are materials on automorphic functions including elliptic modular 
le functions, Lamé, Lamé-Wangerin, Mathieu functions, spheroidal and ellipsoidal 

d wave functions, functioning occurring in number theory, and some miscellaneous 

7 functions such as Mittag-Leffler’s function. There is also a chapter on generating 

“1 functions with a list of known generating functions. 

d TABLES OF INTEGRAL TRANSFORMS 
The two volumes contain tables of all integral transforms frequently used in pure 
and applied mathematics and in engineering; additional tables of integrals of 
higher transcendental functions are contained in Volume II 
VOLUME I 391 pages, $7.50 

al Volume I contains tables of Fourier transforms (sine, cosine, and exponential), 

at Laplace transforms and inverse Laplace transforms, and of Mellin transforms 

4 and inverse Mellin transforms. 

g ; VOLUME II 467 pages, $8.00 

2 This volume contains Hankel transforms and other integral transforms whose 
kernel is a Bessel function, fractional integrals, Stieltjes, and Hilbert transforms, 
and a collection of integrals of higher transcendental functions. 

or 

approval 
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ENGINEERING MECHANICS, 2nd Edition 


by ARCHIE HIGDON, U. S. Air Force Acad- 
emy, & WILLIAM B. STILES, University of 
Alabama, in collaboration with ARTHUR W. 
DAVIS & HERBERT O. USTRUD, Iowa State 
College 


Already the most widely used text in its field, this new Second 
Edition has been made even more valuable through a complete 
revision. New features include: larger type and larger illus- 
trations—illustrations have been improved and many new ones 
added—chapters on resultants, equilibriums and kinematics have 
been reorganized for ease of student learning—better figures and 
more-practical examples—material on Mohr’s Circle—a new 
chapter on Virtual Work—over 40% of the more than 1,100 prob- 
lems are new and answers to half the problems are given. 


Users of the first edition suggested many of the improvements 
included in this new text. Divided into 2 parts, Statics and 
Dynamics, the treatment and the fundamental principles are 
presented in sufficient clarity and detail to enable the student 
to grasp the content with minimum help from the instructor. 
The TEACHER’S MANUAL contains suggested course out- 
lines; worked-out answers to text problems, including sample 
quizzes and examinations for mid-terms and finals. 


In the Prentice-Hall Civil Engineering & Engineering Mechanics Series, 
N. M. Newmark, Editor 


6" 29" . about 640 pages . Published May, 1955 


INTRODUCTION TO THERMODYNAMICS 
AND HEAT TRANSFER 


by DAVID A. MOONEY, author of ‘‘Mechani- 
cal Engineering Thermodynamics”’ 


A basic text for courses in thermodynamics and heat power 
engineering, for mechanical or non-mechanical engineering stu- 
dents, this book is a briefer version of Mooney’s “Mechanical 
Engineering Thermodynamics.” It clearly and concisely covers 
the basic principles of thermodynamics and heat transfer, and 
their applications to mechanical engineering processes. 


Stress is placed upon the essentially pragmatic nature of the 
subject. Laws are treated as summarized experience. Defini- 
tions of concepts like work and heat have been chosen to suit 
the needs of logical developments. 


554” z 834" . about 440 pages . Published May, 1955 


PRENTICE-HALL, INC. 70 FIFTH AVENUE, NEW YORK 
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Design of Machine Elements, eprtion 


By VIRGIL M. FAIRES, Professor of Mechanical Engineering, 
North Carolina State College 


As in the earlier editions, this text places emphasis on the adap- 
tation of theory to practical design. New features of the third 
edition: (1) many more worked out examples, (2) repeated 
reference to the statistical nature of engineering data, (3) new 
design information for nearly every machine element and (4) 
endurance strength repeatedly considered for the various ma- 
chine elements. February 1955 550 pages $7.50 


Problems of the Design of 


Machine Elements, THIRD EDITION 


By VIRGIL M. FAIRES and ROY M. WINGREN, Professor 
of Mechanical Engineering, Agricultural and Mechanical College 
of Texas 


Although this book is especially designed to accompany the 
third edition of Design of Machine Elements, it can be used in 
any course on machine design. Four features of this edition: 
(1) the classification of problems by headings as to subject 
matter and types, (2) the use of modern metals with greater 
emphasis upon their condition and heat treatment, (3) the re- 
vision of problems to accord with new design data and tech- 
niques, and (4) a repeated emphasis on design for varying loads 
and fatigue conditions. To be published in June, 1955 


Analytic Mechanics, rump evrrion 


By VIRGIL M. FAIRES and S. D. CHAMBERS, Professor 
of Civil Engineering, Valparaiso University 


Rewritten with the idea of making explanations clearer to the 
student, this text on applied mechanics covers force analysis 
of statically determinate structures with emphasis on the free- 
body method of analysis, centers of gravity, moments of inertia, 
kinematics and relative motion, unbalanced force system, work 
and energy, impulse and momentum. 1952. 540 pages $6.00 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Valuable REINHOLD Books for Engineers... 
BASIC LUBRICATION PRACTICE 


By ALLEN F. BREWER, Consulting Lubrication Engineer. Formerly 
Editor, Lubrication Magazine (Published by the Texas Co.). 


An expert compilation of on-the-job working information on the selection and use of 
lubricants for industrial and power-plant machinery. Numerous charts and tabular 
data make possible quick comparisons of lubricants for specific machinery under 
various operating conditions. 


Particular emphasis is placed on the importance of proper lubrication in the main- 
tenance of machinery, and on the relation of machine design to operating conditions. 
An important feature of the book is its reference to oil viscosity in terms of Seconds 
Saybolt as well as Centistokes. 


1955 about 260 pages $6.75 
NOMOGRAPHY and EMPIRICAL EQUATIONS 


By DALE S. DAVIS, Professor of Chemical Engineering, Virginia 
Polytechnic Institute. 


For quicker answers to engineering calculations, the time-saving methods described 
in this book offer guidance of tremendous value. Ideal for the needs of the student 
as well as the practicing engineer, and written in a logical easy-to-understand style. 
Clearly explains the many engineering applications of empirical equations and nomog- 
raphy and shows how to employ these tools to speed up calculations. Describes 
new techniques for two-variable data and simple methods for correlating three-variable 
data. Over 360 problems largely drawn from industry. 


1955 256 pages $6.75 
ELECTROPLATING ENGINEERING HANDBOOK 


Edited by A. KENNETH GRAHAM, Consulting Engineer, President 

of Graham, Crowley & Associates, Inc. In collaboration with 40 

widely known experts. 
Much of the valuable material found in this book has never before appeared in print, 
or was scattered throughout the literature of the field. With this useful volume you 
now have access to a most comprehensive compendium of working information on 
engineering fundamentals and general processing data applicable to the electro- 
plating industry. 


Full chapters cover every vital aspect of the field concerning plants, all operations, 
and maintenance. 


1955 670 pages $10.00 
PACKAGING ENGINEERING 


By LOUIS C. BARAIL, Consulting Packaging Engineer. 


This is the very first book to describe all packaging materials, their best uses, and the 
methods employed by packaging engineers to obtain the most efficient results at the 
lowest costs. Over 150 photographs, drawings, and tables illustrate a vast range of 
valuable working information covering every type of packaging and container problem 
—covers even the requirements for packaged goods sold to armed forces and for 
export. Offers new information to improve present methods. 


1954 416 pages $9.50 


Send now for copies on examination 


REINHOLD PUBLISHING CORP., 


430 Park Ave., Dept. M-785, New York 22, N. Y. 
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elected RONALD 
ENGINEERING STATICS and DYNAMICS 


| Dan H. Pletta, Virginia Polytechnic Institute 

This step-by-step treatment of statics and dynamics uses deductive 
reasoning to develop in students the facility to analyze fundamentals 
and apply them to practical problems. Chapters on shear and moment 
diagrams and on dimensional analysis and models serve as an intro- 
duction to subsequent courses. Principles are highlighted by a 
variety of examples and problems. ‘An unusually thorough job... 
clear and interesting to read . . . illustrative examples well chosen 
and worked with the student in mind.”’—Donald J. Myatt, Antioch 
College. 798 ills., tables. 392 pp. 


ELEMENTS of STRUCTURAL ENGINEERING 
| Ernest C. Harris, Fenn College 

Applies principles of structural engineering to examples and problems 
faced by non-civil engineers. Engineering principles inherent in 
original design of buildings are highlighted by analyzing effect of new 
electrical and mechanical equipment on safety. Appendices include 
tables of section properties, load data, and symbols. ‘Especially 
notable are: constant repetition of fundamentals, numerous illustrative 
| examples, and language of the practitioner.’”’—John O. Liebig, Lehigh 


University. 423 ills., tables. 505 pp. 


STATICALLY INDETERMINATE STRUCTURES 


Paul Andersen, University of Minnesota 


Designed for first courses in statically indeterminate structures, this 
textbook directly associates structural analysis with structural design. 
Numerical applications of actual design problems are an integral part 
of the work which includes an entire chapter on typical design 
problems. Emphasizes deflections and their importance in under- 
standing the behavior of structure under load. “‘. . . a valuable con- 
tribution to the field of statically indeterminate structures.”— 

ENGINEERING JOURNAL. 370 ills., tables. 318 pp. 


HYDRO POWER ENGINEERING 


James J. Doland, University of Illinois 


This authoritative textbook for civil engineers supplies a practical 
approach to the design and preparation of plans for hydroelectric 
power installations. After presenting basic theory, it shows the 
practical routine for selection of the correct type and diameter of 
runner. Discusses the design of water passages, the proper number 
of units, the structure itself, and appurtenances for efficient opera- 
tion. “‘A masterpiece of comprehensiveness and conciseness . . .”— 
WATER POWER. 112 ills., tables. 209 pp. 


—=THE RONALD PRESS COMPANY @ 15 E. 26th St., N.Y. 1 
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A COMPLETE 
PRINTING 
SERVICE .. 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS - BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTE® ,PA. 
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Uses engineering terminology... 


BASIC MATHEMATICS for SCIENCE and ENGINEERING 


By the late Paul G. Andres, formerly of the Illinois Institute 
of Technology, Hugh J. Miser, U. 8. Air Force, and Haim 
Reingold, Illinois Institute of Technology. Assembles in one 
volume those topics of elementary mathematics which are 
basic in engineering theory and practice. As a stimulus to 
a the student’s interest, the authors employ terminology and 
notations commonly found in engineering and other branches 
of science. Emphasis is on numerical calculations, and many 
applied problems from the field of engineering are included. 
The use of the slide rule is discussed early, and frequently 
mentioned in later portions of the text. Final chapters on 
calculus provide essentials for use in more advanced courses. 
Ready in Fune. Approx. 746 pages. Prob. $6.00. 


DYNAMICS of MACHINERY 


By A. R. Holowenko, Purdue University. Offers the stu- 
dent a complete understanding of dynamics in any machine 
with moving parts, based on Newton’s laws, the relative 
velocity equation, and the relative acceleration equation. 
Analyses are shown in step-by-step construction. 1955. 
464 pages. Prob. $8.50. 


INDUSTRIAL PURCHASING 


Buying for Industry and Budgetary Institutions 


By J. H. Westing and I. V. Fine, doth of the University of 

a Wisconsin; and Members of the Milwaukee Association of Pur- 

: chasing Agents. Covers not only the fundamental principles 
and policies, but also the broad details of current practice. 
Also serves as a useful reference on standards. 1955. 421 
pages. Textbook Edition, $6.00. 


Send today for your on-approval copies. 


See page 12 for news. of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 


| 
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Useful books for engineering students... 


An INTRODUCTION to the THEORY of AEROELASTICITY 


By Y.C. Fung, California Institute of Technology. Focusses 
attention on the physical problems of aeroelasticity and its 
underlying basis of analysis. The subject is presented as 
a science in itself, with features drawn from such well-known 
branches of mechanics as structures, aerodynamics, and me- 
chanical vibrations. Ready in Fune. Approx. 398 pages. 
Prob. $9.00. 


SOIL and WATER CONSERVATION ENGINEERING 


By R. K. Frevert, and G. O. Schwab, both of Iowa State 
College; T. W. Edminster, U. S. Department of Agriculture; 
and K. K. Barnes, Iowa State College. Provides subject mat- 
ter on the five engineering phases of soil and water conserva- 
tion, with data on soil physics and hydrology. A volume in 
the Ferguson Foundation Agricultural Engineering Series. 
1955. 479 pages. $8.00. 


ADVANCED CALCULUS 


By Louis Brand, University of Cincinnati. Includes intro- 
duction to the Laplace transform and complex variables, 
as well as a thorough treatment of Fourier series. All proofs 
are given in their simplest form. Every portion of the theory 
is fully illustrated by examples. 1955. 574 pages. Prob. 
$7.50. 


TURBOBLOWERS: Theory, Design, and Application of Centrifugal and 
Axial Flow Compressors and Fans 
By A. J. Stepanoff, Ingersoll-Rand Company. Deals with 
the hydrodynamic and thermodynamic aspects of the turbo- 
blower design. Outlines new methods of attack on turbo- 
machine problems, and discusses the art of building turbo- 
compressors in the United States and abroad. 1955. 377 
pages. $8.00. 


Send today for on-approval copies. 


See page II for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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Do You Know— 


p By now you know the Annual Meet- 
ing is at Penn State on June 20-24, and 
have received the Preliminary Program. 
To facilitate your planning, “How to 
Get to Penn State” is repeated below. It 
is expected most people will drive and 
you will appreciate the convenience of 
having your car. 

By highway, the intersection of high- 
way routes US 322 and Penna. 45. 

By bus, the Greyhound Bus Lines from 
Pittsburgh, Harrisburg or Scranton, 
Penna.; the Edwards Bus Line from El- 
mira, N. Y., by way of Williamsport, 
Penna., and from Cleveland, Ohio. 

By train, the Pennsylvania Railroad 
from the west to Altoona, Penna. and 
then by Greyhound Bus Lines (42 miles) ; 
from the east to Lewistown, Penna. and 
then the Boalsburg Bus Line (30 miles). 
To avoid excessive delay between train 
arrival and bus departure, schedule ar- 
rival at Lewistown or Altoona to coincide 
with the bus schedule. 

By air, the Allegheny Air Lines from 
Pittsburgh and Newark to Mashannon air- 
port and then a taxi (25 miles) to State 
College (University Park). 


B® Members of all Divisions of the 
ASEE are invited to visit the exhibits of 
the Engineering Drawing Division at the 
Penn State meeting. The exhibits in- 
clude instruments, reproduction processes, 
student work, tests and quizzes. Here is 
an opportunity to learn at first hand the 
kind of work the Division is currently 
doing. 


& The Chemical Engineering Division 
is sponsoring its fourth Summer School 
at Penn State, June 27-July 2, 1955. 
Typical of the technical presentations are 
reaction rates, process rates, fluid me- 
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chanies, solid state physies, design, and 
operational research; an entire day is 
devoted to mathematics in Chemical En- 
gineering; accrediting of undergraduate 
and graduate curricula, a symposium on 
unit operations versus engineering sci- 
ence, and round table discussions on the 
teaching of the first course in various 
areas such as thermodynamics, unit op- 
erations, and economics are also included. 
Staff members of the host institution will 
give a series of four lectures on educa- 
tional methods and a presentation on 
student counselling. 


B® Asa reminder of what you read last 
month, these meetings are also being held 
at Penn State: English Summer School 
on June 23-25. Open Conference on the 
teaching of Thermodynamics, limited to 
125 persons, on June 27-29. 


®& “University Park” is the Post Office 
address of the Pennsylvania State Uni- 
versity, the post office being located in 
The Hetzel Union Building. State Col- 
lege is still the name of the city and it 
has its own “State College” post office. 


B® The Hetzel Union Building is a new 
addition to the Penn State Campus. It 
was financed by a student-voted assess- 
ment and alumni and administrative con- 
tributions. It was opened on March 15 
of this year and its facilities will be 
available for all to enjoy at the Annual 
Meeting. It is “modern as the word go,” 
has tremendous lounge space, reading 
rooms, dining rooms, grill and snack bar, 
TV Room, photography room, ecard room, 
game room, seven soundproof listening 
rooms for playing records, an art gallery, 
an assembly hall seating 196, and a ball- 
room seating 650 with an immediately 
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adjacent open-air deck almost as large as 
the ballroom. There also are offices and 
eight meeting rooms for student activities. 
Penn State justifiably can be proud that 


the “HUB,” the letters coming from the 


name Hetzel Union Building, has re- 
placed the “TUB,” the Temporary Union 
Building moved from Lebanon, Penna., 
to Penn State in 1948. 


B® The dormitory facilities at Penn 
State are very extensive, a great many 
having been built since World War II. 
Those assigned to ASKE use are on cam- 
pus, just a few blocks from the Union 
Building and the Nittany Lion Inn. The 
Inn is a large University-owned and op- 
erated facility for transient guests and 
visitors. 


B® A summer course in Plastic Design 
in Structural Steel will be held at Lehigh 
University, Bethlehem, Penna., on Sept. 
7-15, 1955. The course is sponsored by 
Lehigh University and the American In- 
stitute of Steel Construction in coopera- 
tion with the ASEE and the American 
Society of Civil Engineers. The course is 
for educators in particular and is in- 
tended to enable them to introduce some 
of the new concepts into their teaching. 
The course will review the behavior of 
steel structures loaded beyond the elastic 
limit and will include the fundamental 
concepts of plastic analysis. Specific 
plastic design techniques will be presented 
and examples worked out. The series of 
lectures and demonstrations will involve 
the study and testing of columns, con- 
tinuous beams, full-size connections, and 
a complete frame. 


DO YOU KNOW— 


B® ASEE members will be interested t 
know a Nuclear Engineering and Scieng 
Congress will be held in Cleveland, Qhig, 
December 11-17, 1955. The Congress js 
sponsored by the Committee on Nucleyx 
Science and Engineering of Engineer 
Joint Council, of which ASEE is a ep. 
stituent society. Twenty-four nation 
engineering and scientific societies have 
united as sponsors and co-sponsors, the 
total membership of all being 250,000, 
The Engineers Society of Cleveland is in 
charge of local arrangements and Pr. 
fessor Donald L. Katz of the University 
of Michigan is Chairman of the Progran 
Committee. 


B® ECPD has announced the expansion 
to the Detroit area of its pilot-study of 
the program for young graduate engi- 
neers known as the “First Five Years of 
Professional Development.” The pro 


gram, successfully tried in Cincinnati, is| 


designed to offer the young graduate e- 
gineer a sound plan for continuing per- 


_sonal and professional growth. 


We are receiving enthusiastic 
ments on the new EpucATIONAL Ams cata- 
log. Have you ordered your copy yet! 
The catalog is available from ASEE heat- 
quarters at $1.00 per copy. 


B The office receives many requests for 
membership application blanks. We at 
happy to send them out, but remember 
there is an application blank on page 
of the Yearbook. How about everyont 
putting that page to work? 


W. LeiaHton Coins 
Secretary 
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Evaluating Good Teaching * 


By R. D. STOUT 
Professor of Metallurgy, Lehigh University 


Introduction 


In almost every University catalogue 
one will find a statement of educational 
objectives by which the college is com- 
mitted to “stimulate the student in inde- 
pendent thinking” or “prepare him in 
the art of living” or “train his mind for 
the analytical solution of problems in 
industry and government.” The teaching 
staff is the principal instrument through 
which the college must meet these objec- 
tives. In the selection of staff members 
for an engineering college there is a con- 
siderable tendency to be casual about 
qualifications for teaching, and to em- 
phasize instead the requirements of ability 
in research. 

With the instructor on the job, the ad- 
ministration then faces the problem of 
applying some sort of measuring stick to 
the calibre of his teaching. From con- 
versations, I gather that department heads 
depend largely on the “grapevine” to 
learn about the performance of an in- 
structor. This indirect information plus 
the professional accomplishments of the 
man are about all that the administration 
has to guide its judgment. It has, how- 
ever, the advantages of time and per- 
sonal contact for reaching an evaluation. 
The outsider who wishes to rate teaching 
at an institution as a part of an accredi- 
tation lacks even those advantages in his 
difficult task. 

This paper does not pretend to suggest 
a procedure for evaluating teaching but 
it does attempt to discuss some of the fac- 


* Presented at the Annual Meeting of 
ASEE, Educational Methods Division, Uni- 
versity of Illinois, June, 1954. 


tors that require consideration in the de- 
velopment of such a procedure. The 
importance of this question to the gen- 
eral problem of accreditation needs no 
comment. 


The Eelements of Good Teaching 


At the outset of the discussion, it must 
be recognized that the characteristics of 
good teaching are largely intangible. 
Anyone who recalls his own undergradu- 
ate classes can pick out certain of his 
instructors who have left a lasting im- 
pression as good teachers. Yet if he is 
pressed to explain these impressions in 
detail, he finds them difficult to reduce to 
specific items. Good teaching is a com- 
plex, built from the character and per- 
sonality of the teacher, his relations to his 
students, and his general status and repu- 
tation as an engineer, as a faculty mem- 
ber, and as a citizen of the community. 
These factors do not readily respond to 
objective analysis. 

The outsider, therefore, must begin with 
an appreciation of the limitations forced 
upon him. He must content himself with 
the outward manifestations of these in- 
tangible characteristics, as far as they can 
be observed and evaluated. Some of the 
sources of evidence will be considered 
here. 

There are three general categories in 
which evidence of teaching ability can be 
found. They are: 


a. the man’s reputation and activity as 
an engineer 

b. his reputation as a teacher among 
former students 

ce. the tools with which he teaches 
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These are the most promising avenues 
of approach for the evaluation of teach- 
ing. 


The Teacher’s Competence as an Engineer 


Almost without exception, activity in 
engineering work is a prerequisite to 
authoritative teaching. Since engineering 
deals with things; it cannot be mastered 
in the seclusion of a library or private 
office. Both the past experience of the 
individual and his current professional 
activity are pertinent. 

Industrial experience as a background 
is almost indispensible in the engineering 
field. I have seen among my students 
how greatly industrial work has enhanced 
the soundness of their approach to class- 
room and laboratory problems. So much 
more, then, does the instructor need such 
background. 

Engineering is such a dynamic field 
that one is hard put to keep up-to-date 
even in his own specialty. The current 
activity of the instructor therefore must 
also be examined. In addition to re- 
search work and its publication other ac- 
tivities, such as technical committee work, 
consulting, outside lecturing and text- 
book writing are valuable as adjuncts to 
teaching. 


The Teacher’s Reputation Among His 
Students 


The persons in the best position to ob- 
serve the ability of an instructor are his 
students, and it unfortunate that they 
are not the best qualified for passing 
judgment. At the time he takes the 
course, the student is apt to be prejudiced 
by temporary factors such as his last quiz 
grade or the length of the latest assign- 
ment. On the basis of the student evalua- 
tion forms, it has been my experience that 
the students are capable of making valid 
comments on the performance of the in- 
structor at the end of the term. There 
is relatively little tendency for those who 
have done well in the course to rate the 
instructor highly and for those who have 
done poorly to be hypercritical. 


EVALUATING GOOD TEACHING 


There are some staff members wh 
oppose student evaluation and class it x 
a popularity contest. Undoubtedly then 
is some connection between the person 
relations of the instructor and stude 
and the rating rendered by the student 
But certainly one does not have to be di. 
liked to be good at teaching! 

Probably a time lapse of one year; 
optimum for a fair estimate from th 
student. Before then he remembers th 
trivialities, and much later he may hay 
forgotten the specific performance of the 
instructor. It is quite possible for; 
teacher to show very uneven quality 
among his courses. He may devote tw 
much attention to those he likes and neg. 
lect the less appealing classes. It is not 
what an instructor can do, but what k 
has done that counts. 


It is possible that the seniors might k} 


given a questionnaire which would pro. 
vide information supplementary to th 
other sources of data. The validity o 
such information would be hard to fore 
tell without a trial. 


The Tools of Teaching 


The teaching of engineering subject 
requires a number of standard mechanical 
aids, such as assignment sheets, lanten 
slides, charts, exhibits, demonstrations 
and the textbook and outside references 
It is helpful to observe the use to whid 
the instructor puts these devices. I 
addition, it would be necessary to inter 
view the instructor himself to learn hi 
personal attitudes toward teaching. 

One of the most significant sources i 
evidence is the quiz form. For one thin 
it is a sample of the subject matter thi 


the instructor considers important ani! 
assumes he has covered adequately i) 
class. Secondly, it shows the general ap) 
proach used by the instructor in convey) 


ing an understanding of engineering pril 
ciples to the students. A form of qui 
which requires the student to reason atl 
to apply the information covered in tl 
course is readily recognized to be superit 
to one requiring only a repetition of fact 
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EVALUATING GOOD TEACHING 


picked up in the textbook or in the class- 
room. It would be unrealistic, however, 
to expect the student to reason out solu- 
tions if he has not been given the neces- 
sary background in class. Thus, the quiz 
form is apt to be a reliable indicator of 
the teaching techniques followed in the 
course. Third, quiz sheets completed by 
the students help to show how they are 
responding to the efforts of the instructor. 
Finally, the quiz is useful as an educa- 
tional device, and it is worthwhile to find 
what advantage the instructor takes of 
this fact. 

There are other measures of the effec- 
tiveness of the teacher in stimulating the 
minds of his students. These include his 
use of work projects, field trips, class 
discussion periods, and office hours for 
individual help. 

One comment is necessary here on the 
curriculum. No matter how capable he 
is, the instructor is circumscribed in his 
efforts by the curriculum in which he 
works. Thus, the curriculum should be 
examined from the viewpoint: does it 
foster good teaching? The connection 
between the two is not always recognized. 
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General Comments 


In summary, it must be reiterated that 
there is no easy and accurate method for 
evaluating teaching; if there were we 
would not continue to discusse the sub- 
ject. Teaching is an art and does not 
lend itself to objective evaluation. The 
human element in teaching overshadows 
the mechanical features to such an extent, 
that any suggestions that can be made 
here are of limited usefulness. In some 
respects, a “good” teacher is as hard to 
describe or evaluate as a “good” parent. 
One is forced to deal with broad gen- 
eralities or trivial details without ever 
reaching the heart of the matter. 

It is possible, nevertheless, to detect 
signs of inferior or superior teaching. 
These will be apparent as deficiencies or 
capabilities in the professional activity of 
the instructor, in his reputation among 
his colleagues and his students, and in his 
use of the tools of teaching. Certainly 
more can be accomplished in this direc- 
tion. 


‘Speaking Can Be Easy . . . for Engineers, too” 


A concise, practical, pocket size illus- 
trated manual for better speaking and 
meetings. Organized for your greatest 
convenience in preparing and delivering 
effective oral presentations and in con- 
ducting interesting meetings. Printed in 
two colors. Among other subjects, this 
manual includes: selecting the type of 
presentation, planning and preparing, at- 
tention patterns, platform manners, vis- 
ual aids, microphone techniques, effective 


chairman, introductions with a punch, 
handling the questions, panel discussions, 
and bigger and better audiences. Copies 
are available at 50 cents. Special dis- 
counts in lots of 100 or more. 

Order directly from: 


Engineers’ Council for 
Professional Development 
29 West 39th Street 

New York 18, New York 
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Publication as a Motivation for 
Advanced Students 


By JOHN 8S. McNOWN * 
Professor of Engineering Mechanics, University of Michigan 


Introduction 


To an advanced graduate student the 
goal of having his work published is a 
remarkably effective stimulus to sound 
learning. The strong motivation of an 
original project enables him, with only 
limited guidance, to develop in ways 
which cannot be effected by classroom as- 
signments. Complete technical papers 
may be beyond him until he has completed 
a thesis; but from his work in specialized 
courses, he can prepare a note, a dis- 
cussion, or a part of a composite pub- 
lication. 

Mature students who have had this type 
of experience heartily endorse its effec- 
tiveness. In conducting original proj- 
ects, they broadened their knowledge of 
the topic, posed and tested hypotheses, 
collected or reviewed data, and conducted 
or adapted analyses. Finally, they faced 
the exacting labor of preparing a manu- 
script from the original organizing of 
their ideas to the final clear and logical 
expressing of them. 

Few young students know whether an 
idea is novel, or have the judgment to 
distinguish a worthwhile problem from a 
trivial one. In the conceiving of a prob- 
lem and in the making of occasional 
major decisions, some guidance is neces- 
sary. However, a suggestion or two usu- 
ally enable them to visualize at least the 
outlines of an undertaking. Subsequently, 
they require from the adviser less of prod- 
ding than of restraint. 


* Formerly Associate Director, Iowa In- 
stitute of Hydraulic Research. 
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Feasibility 
Of course, if the student’s work is to 
appear in print, publication media must 
be available. Fortunately, they are, 
With the wide variety of journals, syn- 
posia, bulletins, and conference proceed- 
ings—both domestic and foreign—an en- 


gineer has an opportunity unequalled in | 


any other profession. Even though major 


journals often have a sizable back-log of | 


accepted papers, rarely if ever is there 
difficulty in finding an outlet for valid 
contributions. Moreover, journals in such 
‘bordering fields as physics, applied mathe- 
matics, and instrumentation are interested 
in appropriate papers from engineers. 


As an illustration of the large number of | 


outlets available, publications of the Iowa 
Institute during the past 10 years have 
appeared in 25 scientific journals and in 
the proceedings of some 15 technical meet- 
ings; about a third of each group were 
foreign. 


The prevailing standards of accepta- | 


bility need not and should not suffer be- 


cause of publication of the work of grad- | 
uate students. Editing by the adviser | 
permits holding the student to the pres ~ 
ent acceptably high standards. Counsel 
is often needed in the selecting of ms | 
terial and in the interpreting of findings ~ 
The more difficult decisions, because of | 


the student’s enthusiasm and inexper- 
ence, may be those to refrain from saying 
something. 


Discussions 


Discussion of the published work of 
someone else is one type of contribution 
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PUBLICATION AS MOTIVATION FOR STUDENTS 


within reach of a graduate student. 
Formal discussion, which is actively fos- 
tered in several of the leading engineering 
journals, or a discussion type of letter to 
the editor is particularly well suited to 
his capabilities. From a wide variety of 
eurrent topics, he can choose one which 
interests him and about which he is at 
least fairly well informed, and he can 
prepare a comment ranging in length 
from a few paragraphs to a number of 
pages, and varying in content from cor- 
rections and additional bibliographic ma- 
terial to reinterpretation or extension of 
the author’s findings. The fact that the 
author has the last word in his closure 
is an effective deterrent to the submitting 
of carelessly prepared comments. 

In the past three years eight discus- 
sions have been prepared by graduate 
students in the department of Mechanics 
and Hydraulics at the State University 
of Iowa, and perhaps an equal number 
have been stimulated by correspondence 
with former students. . Some developed 
from classroom assignments; others were 
almost completely self-generated. The 
projects were beneficial to the students, 
and the achievements reflected credit on 
the department. 


M.S. Theses 


Another type of contribution is de- 
rived from the M.S. thesis. Although not 
always containing sufficient material to 
be publishable as a separate paper, other 
possibilities exist. The thesis can form 
the basis for an excellent discussion, or a 
coordinated series of theses can be com- 
bined into a complete publication. Also, 
after a thesis has been satisfactorily com- 
pleted, the investigation can be continued 
as an independent project or in collabora- 
tion with a staff member or with another 
student. 

A variety of publications, mostly with 
plural authorship, have arisen out of 
theses submitted to the Mechanics and 
Hydraulics department at the State Uni- 
versity of Iowa. During the past ten 
years, almost half of more than sixty pub- 
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lications of the Iowa Institute which ap- 
peared in standard journals were based 
either entirely or in part on graduate 
theses. Because of the numerical pre- 
dominance of M.S. theses over Ph.D. dis- 
sertations, a slight majority were based 
on the former. Altogether, theses have 
provided a core of fundamental investiga- 
tion in the Institute’s comprehensive re- 
search program. 


Group Projects 


Contributions arising from _ special 
course work are exemplified by the re- 
sults of a project which began as an ad- 
vanced class in hydrodynamics in 1951 
and culminated in an 82-page bulletin 
published two years later. Of the twelve 
who participated, eleven were then en- 
rolled for at least part-time graduate 
work. The general subject, the Helm- 
holz-Kirchhoff free-streamline theory, 
was selected for study because it is im- 
portant in hydrodynamic analysis and 
because it served in solving several sig- 
nificant problems. Assurance was given 
to the participants at the outset that 
papers presenting the anticipated results 
would be publishable. 

After completing a review of the topic 
and making a series of reports on out- 
standing references, the students under- 
took specific analyses. Some of these 
required a considerable amount of mathe- 
matical analysis, all required a detailed 
understanding of conformal transforma- 
tions of complex functions. Because 
many analyses on this topic published in 
the past had been conducted with a disre- 
gard for the reality or utility of the re- 
sult, topics, such as the form of boundary 
transitions and the characteristics of the 
deflection of jets, were chosen for their 
practical importance. Comparisons be- 


tween observed and computed results 
were made for each type of flow, so that 
tested solutions to significant problems 
were obtained. 

Although the eight papers in the re- 
sulting bulletin have intrinsic merit, their 
content is perhaps less important than 


| 
ia 
| 
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was the resultant growth of the authors. 
A group of young engineers, including 
several who were not strongly inclined 
toward mathematics, mastered one phase 


of complex function theory. They made~ 


a rather thorough survey of the signifi- 
cant publications including work by such 
giants of the 19th century as Helmholz, 
Kirchhoff, and Rayleigh. They applied 
judgment to the selection of worthwhile 
problems, and, before a group of critical 
staff members including an instructor 
of oral and written expression from the 
department of English, they presented 
orally their findings. Finally, they pre- 
pared illustrated manuscripts. Through- 
out the project, an outstanding feature 
was their readiness to complete an amount 
of study and analysis far greater than 
that expected for the academic credit re- 
ceived. 

Opportunities like the one described in 
the preceding paragraphs may seem ex- 
ceptional, but almost any specific project 
would so seem. Every specialized inter- 
est of engineers can profit from well di- 
rected investigations even if limited in 
time and scope. Students can assemble 
and interpret available results or com- 
plete unfinished projects proposed by 
workers who have neither the time nor 
the patience for detailed work, and they 
ean conduct pilot studies in the labora- 
tory. If not individually, at least in the 
aggregate, the accomplishment can be 
surprisingly great. 

A laboratory project led some years 
ago by Dr. Hunter Rouse, Director of the 
Iowa Institute, illustrates a type of proj- 
ect entirely different from the free-stream- 
line analyses. In a special summer course 
lasting only 4 weeks three projects were 
undertaken by teams of three advanced 
students. Problems had been selected 
which were adapted to the facilities of the 
Iowa Institute: (1) flow near a free over- 
fall, (2) the effect of a sill on a hydraulic 
jump, and (3) certain aspects of the 
transverse distribution of velocity in a 
pipe. These men set out to complete in 


this very short time experiments whic 


would lead to worthwhile papers. Two 
of the three projects did mature to pub. 
lication. In all three the challenge of 
the unknown was a remarkable stimulant, 


Summary 


Effectiveness of the goal of publication 
is the common thread in the diversified 
projects that have been described. The 
topic, the technique, and even the accon- 
plishment are secondary to the awaker- 
ing of the student to the challenge of the 
unknown. Although less important than 
this primary goal, the many by-products 
of original investigations are also bene- 
ficial to the student. Individual projects 
are the embodiment of learning by doing 


which should form a part of the training | 
of every advanced student. In mos} 


projects a real need is found for the ux 
of library facilities. As assistance from 
members of allied departments is often 
required, the student participates in in 
terchange which illustrates scholarly c- 
operation. Finally, in writing or speak- 
ing his piece, the student becomes truly 
receptive to instruction on the importane 
of clarity, concision, and grammatical 
correctness. He can then be persuaded, 
if necessary, to seek clinical assistane 
from teachers of speech and _techniedl 
writing. 


By the time a student has completed F 
one year of graduate work he is suf) 
ficiently mature that he can profitably | 
undertake an investigation tailored to fi) 
his interests and available time. Sud} 
projects can accelerate his growth, teaci | 
him both caution and confidence, and con | 
tribute to the acquisition of elusive quali 
ties like initiative and inventivenes.) 
Such extensive achievement is possible | 
because his desire to emulate productiv | 


scientists provides a far stronger incét- 
tive than do grades or credits. The habil 
of working toward publication needs ti 
be acquired, and its stimulation is a log: 
eal complement to the other processes 0 
formal education. 
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The Effect of the Graduate Program 
on the Teacher * 
By PAUL F. CHENEA 


Assistant Dean of Engineering and Head of Division of Engineering Science, 
Purdue University 


The years since the war have been 
marked by a tremendous interest in teach- 
ing techniques for undergraduate engi- 
neering education. We have seen during 
this time the formation of a committee 
in the ASEE to foster the improvement 
of teaching and the organizing of a com- 
mittee in most engineering educational in- 
stitutions with this same objective. There 
have been lively discussions of this topic 
at national meetings and in a multitude 
of smaller groups of engineering educa- 
tors and practitioners. The emphasis has 
usually been centered around the proper 
techniques for effective teaching and the 
ideal background and experience that 
makes an outstanding teacher. Many 
special programs have been established 
for teacher training, especially for the 
younger teachers and graduate students 
who are permitted to conduct classes. 
This wide interest and activity to provide 
better teachers cannot help but portend a 
better generation of engineering teachers. 

There is one phase of undergraduate 
teaching, however, that has received rela- 
tively little attention and that is the fre- 
quent gradual loss in effectiveness which 
takes place in the professional under- 
graduate teacher over the years of his 
career. Today in almost all institutions 
we have teachers who are past masters at 
instructional technique but are not com- 
pletely effective because of their limited 
knowledge of modern engineering prac- 


*Presented at the Annual Meeting of 
ASEE, Educational Methods Division, Uni- 
versity of Illinois, June, 1954. 


tice or advanced subject matter. In fact 
the normal course of events for strictly 
undergraduate teachers seems to tend in 
this direction. It would appear to take 
some special effort on the part of the 
teachers and the administration to avoid 
this result. 

The fact that a wide knowledge of the 
subject matter and its application to engi- 
neering situations is essential for a good 
teacher would seem to be axiomatic. In 
a recent interim report of the Committee 
on Evaluation of Engineering Education, 
ASEE, the committee stated “Every 
teacher should become a recognized ex- 
pert in his field regardless of his back- 
ground. For every teacher there is no 
substitute for knowledge of subject mat- 
ter far beyond the limitations of that to 
be taught.” 

The report goes on to say that this in 
itself is not sufficient but that it is a key 
requirement. To this we all will heartily 
agree, but how does one keep up with the 
rapid advance of engineering if one di- 
rects all of his energies toward under- 
graduate teaching. The answer must be 
that such a teacher does not keep abreast 
of new knowledge. Something else must 
be injected into his daily life if he is to 
grow with the profession. There are 
many activities that can offer the needed 
stimulus to improve the breadth and 
depth of knowledge of the teacher. Oc- 
easional periods of actual practice in the 
profession in a responsible capacity is 
certainly one. Continued activity as a 


consultant offers many golden opportuni- 
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ties to keep abreast of the field. Ap- 
propriate research activities on and off 
the campus is another valuable approach. 
Probably the most effective however is 
the continued participation in graduate 
courses, study and research. There is 
nothing quite as stimulating as learning 
with a keen energetic graduate student. 
If one looks at the undergraduate en- 
gineering program of today and com- 
pares this with that of thirty years ago 
it is quite apparent that much of the 
material in the present program is new. 
A sizeable fraction of this new material 
was once taught as graduate material. 
The remainder is new knowledge that has 
been generated by the profession, and 
much of it through graduate research pro- 
grams. It is not unlikely that this trend 
will continue and that many of the fu- 
ture revisions of the undergraduate cur- 
ricula will hinge around material now 
thought to be advanced and now taught 
as graduate subjects. Therefore what 
better preparation for tomorrow’s teach- 
ing can there be than the teaching of 
some of tomorrow’s subjects today. 


Beneficial Effects 


To be more specific there are several 
important and distinct ways that a grad- 
uate program can beneficially effect the 
undergraduate teacher. Three of these 
are the teaching of advanced courses, the 
supervising of graduate research and the 
conducting of graduate seminars. 

The teaching of graduate courses differs 
from the teaching of undergraduate 
courses in many ways. More often than 
not there is no suitable text, and re- 
course must be had to the available 
treatises that bear on the subject. Fur- 
ther, a graduate course must reflect the 
periodical literature of the past and, more 
important, that of the present. Subject 
matter accumulated in this manner often 
possesses little continuity and must be 
recast to permit a clear and meaningful 
presentation. Frequently the literature 


itself is not complete, and appropriate 
bridges must be constructed to obtain 
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any continuity at all. Often these gaps 
provide the stimulus for individual pr. 
search and frequently they result in pub- 


lished papers that are real contribution | 
to the literature. In short, the very a¢ | 


of teaching an up to date graduate cour: 
stimulates considerable growth on th 
part of the teacher and does much to in. 
crease his technical knowledge. This is 
true whether the course is primarily of 
a theoretical nature or one which reflects 


the latest art and empiricism in the field | 


The good graduate teacher never re. 
produces a series of lectures year afte 
year. He knows that last year’s ai- 
vanced course is no longer advanced in 
all its detail and changes are mandatory 


if it is to achieve its goal this year. This} 
spirit of improvement carries over into} 
his undergraduate teaching. He continv-| 


ally searches for more significant material 


for the beginning courses. It is most u-| 
likely that these courses will become stale | 
Another | 
effect of combining graduate teaching) 


and out of date in his hands. 


with the instruction of undergraduates is 
the change of pace that it offers. Th 


pedagogical approach is different, ani} 


one does not get set in his attitudes ani 
teaching techniques. A graduate teacher 
is much more likely to experiment with 
teaching techniques. He will often ty 
some of his graduate teaching tricks m 


the undergraduates, and vice-versa. Al? 
of this creates a healthy environment for) 


both the teacher and the student. 


The effect of supervising graduate rr) 
search is even more pronounced upon tht) 
teacher. In this activity he sets himsel | 
in the position of an expert in the fieli 
and opens his breadth and depth d| 
knowledge to the penetrating scrutiny | 
He must not only) 
be well versed in the literature and know! | 
edge of his field but he must also be ably 
to critically evaluate what he knows. lf 


the graduate student. 


conducting graduate research a knowledgt 
of the gaps in the scientific literature } 


extremely important. In all of this hei) 
stimulated by the graduate student’s if 


tensive search for a solution to his dit 
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sertation problem. It is axiomatic that 
the graduate teacher benefits to a degree 
commensurable with the students’ gain 
in knowledge. Probably graduate re- 
search with creative students is the most 
stimulating experience that it is the 
teacher’s lot to possess. 

The conducting of graduate seminars is 
also a valuable teaching experience. 
Here, perhaps, more than anywhere else 
the graduate teacher is forced to think 
“on his feet” at the limit of his knowl- 
edge. Seminars which occasionally bring 
in the foremost engineers and scientists 
in the field are also extremely valuable. 
All graduate teachers sooner or later en- 
courage their undergraduate students to 
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attend advanced seminars. Even though 
the subject may be “pitched” at a level 
which is too advanced for the undergrad- 
uate, an occasional exposure has benefits. 
It opens the eyes of the undergraduate 
to what lies ahead of his present studies 
and gives him a better perspective of the 
future. 


Powerful Stimulus 


To sum up this paper it can safely be 
stated that graduate programs offer a 
powerful stimulus for improving under- 
graduate curricula and teaching. The 
present trend towards more emphasis on 
graduate education cannot help but por- 
tend a greatly improved undergraduate 
program for the future. 


Mathematics Division of The American Society for Engineering Education 


Annual Meeting Pennsylvania State University 
June 20-24, 1955 


The Mathematics Division of the Amer- 
ican Society for Engineering Education will 
meet at the Pennsylvania State University, 
University Park, Pennsylvania, June 20-24, 
1955, 

On June 20 Dr. Abe Pepinsky, Chief of 
Psychological Services, Norristown State 
Hospital, Norristown, Pa., will address the 
luncheon meeting on the relation of Fourier 
Series and Timbre. During the afternoon 
session D. L. Thomsen, International Busi- 
ness Machines Corp., will answer the ques- 
tion Can Computers Speak for Themselves? 
Then Ray Pepinsky, Pennsylvania State Uni- 
versity, will discuss the X-RAC and S-FAC 
and give a demonstration of these computers. 

On the following afternoon, June 21, in 
a conference and panel discussion on Quality 
Control the participants will be: Ellis R. 
Ott, Rutgers University, The State Univer- 
sity of New Jersey, Statistics in Engineering 
and Engineering Education: Basic Con- 
cepts; Enoch B. Ferrell, Bell Telephone Lab- 
oratories, Statistical Applications: Elec- 
tronics; Frank Wehrfrite, Esso Std. Oil Co., 
Statistical Applications: Chemical; Milton 
E. Terry, Bell Telephone Laboratories, Sta- 
tistical Applications: Research. 


Dr. R. 8. Burington, Navy Department, 
will give his address as retiring chairman 
on For what Careers should we Train 
Mathematicians?, June 22. This will be 
followed by a conference on Linear Pro- 
gramming: A. W. Tucker, Princeton Uni- 
versity, Mathematics of Linear Program- 
ming; M. M. Flood, Columbia University, 
Applications of Linear Programming: Alan 
Hoffman, Bureau of Standards, Computing 
Linear Programs. 

On Thursday, June 23, the mathematics 
part of a joint conference with the Educa- 
tional Methods Division and the Physics 
Division will include: George W. Patterson, 
Burroughs Adding Machine Co., Abstract 
Mathematics and the Design of Networks, 
and Robert J. Wisner, Haverford College, 
Some Remarks on the Theory of Matrices 
and Their Application to Engineering Prob- 
lems. 

Requests for housing should be addressed 
to John B. Nesbitt, Chairman, ASEE Hous- 
ing Committee, 208 Main Engineering Build- 
ing, University Park, Pennsylvania. 


C. O. OAKLEY, Chairman, 
ASEE Mathematics Division 
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Nuclear Education for Engineers* 


A. M. ANDERSON 


Manager, Engineering Training and Education, Engineering Personnel Department, 
Engineering Services Division, General Electric Company 


Introduction 


On May 24, 1954, Mr. F. K. McCune, 
General Manager, Atomic Products Di- 
vision, General Electric Company, was 
talking on Private Reactor Development 
at an Atomic Industrial Forum Panel. 
During his discussion, he outlined suc- 
cinetly the position of the General Elec- 
tric Company in the atomic power area 
by four statements: 


‘<First—we at General Electric believe that 
electric companies will own and operate a 
number of atomic power plants within the 
next 10 years. 

‘“Second—we believe some of these will be 
full scale and they will generate electricity at 
competitive costs, possibly within five, cer- 
tainly within ten, years. 

‘«Third—we believe that this will be accom- 
plished without continued government sub- 
sidy for production plant construction or 
operation, and that government supplied fuel 
will be priced at cost of production levels. 
‘“Fourth—we believe that two nuclear re- 
actors best suited for earliest and most ef- 
fective competition with conventional fuel 
plants in this country are (a) the light wa- 
ter moderated and cooled boiling reactor, 
and (b) the graphite moderated water 
cooled reactor. These, we think, hold the 
greatest promise in the years ahead.’’ 


From your point of view, two pieces of 
information probably result from this 
statement, first, this is going to be a big 
business; and second, an inference, engi- 
neers will be needed so we had better get 
busy producing them. In addition, this 


* Pressented at the Upper New York Sec- 
tion, Annual Meeting of ASEE, October 23, 
1954. 
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might be accepted as a signal to direct 
some of the educational processes along 
certain channels, the channels of teaching 
the technology of water-cooled reactors, 
and if the prognoses are correct this pos- 
sible educational system might produce 
some engineers reasonably proficient in 
these areas. However, before we accept 
this solution, let’s take a tour behind the 
scenes and gather some more data, which 
will help guide the future direction of our 
plans. Here we might be interested in 
one basic issue which will provide a 
wealth of information. If, somehow, we 
could determine what technical problems 
are confronting the engineer working in 
this atomic power business, we might then 
infer what types of education would help 
him in his work. If secondarily we could 
ask him what he perceived to be his dif- 
ficulties in understanding, we might have 
a measure of sorts of the validity of our 
inference. Then having these data we 
would be in an excellent position to chart 
a course of action for engineering educa- 
tion. 

To take this tour we must be careful to 
avoid classified data, and to insure that 
this is properly done, I have selected 
problems which have previously been 
stated publicly, but have been careful to 
select those which are truly representa 
tive of the development and design fune- 
tions. I have purposely omitted problems 
of an equipment manufacturing and mar- 
keting nature, not because they are unin- 
portant, but because an understanding of 
the issues in the first two cases yields 4 
large measure of understanding of the 
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last two cases. These problems, five in 
number, are grossly stated and represent 
five large areas of technical understand- 
ing in this business. 

1. A pile is a massive structure having 
many materials with dissimilar thermal 
expansion coefficients. Structurally, the 
parts must remain intact and care must 
be taken in certain sections to insure that 
relative dimensions remain fairly station- 
ary over wide ranges of operating condi- 
tions, as for instance the coolant passages. 
The heat generation per unit volume is 
ideally quite high, not only because this 
leads to fewer pounds of core and internal 
structure per kilowatt of capacity, but 
because shielding must be wrapped around 
the whole structure. The stress analyst 
must, therefore, know where and how the 
heat is generated, what the limits and 
rates of change of operating conditions 
are, what the allowable stresses are in 
light of the high internal radiation densi- 
ties, the influence of coolant and other 
physical conditions on cortosion, and then 
he is on the threshold of being in a posi- 
tion to apply his understanding of the 
laws of elasticity to his problem. As 
might be expected, his analyses and pos- 
tulates may well influence the coolant 
system and complete structural system, 
hence he must be cognizant of the heat 
transfer and, to a certain extent, the com- 
plete design considerations. 

2. Some materials absorb radiation, 
others pass it through to a large degree, 
based on their “cross-section for neutron 
capture.” This property is a function of 
the nuclear arrangement of an element 
and involves the metallurgist—and per- 
haps the metallurgical engineer—in the 
Selections of 


the required nuclear properties and then 
consider the usual criteria of strength, 
elasticity, and corrosion resistance. In 
the latter respects, the problems are like 
those of other process industries, but this 
unconventional approach often restricts 
the choice of materials and consequently 
freedom of design, 
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In some instances, materials of extreme 
purity are required, far beyond today’s 
commercial standards. Since some of 
these needs appear basic rather than tem- 
porary, entirely new standards of produc- 
tion and of acceptance testing are arising 
in certain fields. Closely related is the 
problem of getting such high quality with- 
out excessive cost premiums. Ultimately 
the effect could be to raise the standards 
in several fields of materials engineering, 
with benefits not limited to the nuclear 
industry. 

The metallurgist also faces the prob- 
lems of technique in his determination of 
properties of metals. A radioactive ma- 
terial may require remote handling for 
physical testing, as well as for metallo- 
graphic polishing and etching. If photo- 
graphed directly, it will cloud the film. 
New techniques must be developed. And 
the metallurgist too must inquire whether 
intense bombardment will affect the prop- 
erties of materials. Here the practice 
must be linked to studies in physics of 
the solid state. In effect, the engineering 
is related to scientific findings which are 
just now emerging. 

3. The chemical engineer uses the fa- 
miliar techniques—distillation, absorption, 
extraction and other unit processes. But 
here he deals with extremely precise proc- 
esses in which the yield may be a very 
small part of the original input, and 
therefore complete reactions and exact 
proportions become unusually important. 
In separating fissionable U-235 from the 
more stable U-238, only 0.7% of the origi- 
nal material is even available as potential 
nuclear fuel. 

To complicate the task, the design and 
operation of any process must be such 
that absolutely no source or fissionable 
material is lost. For these items, ac- 


countability from start to finish must be 
complete. This is the law, and its pur- 
pose is not only to forestall unauthorized 
use of these valuable elements, but to 
prevent the personal hazards of letting 
radioactive material be mislaid or lost. 
Some isotopes remain strongly radioactive 
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for thousands of years, so absolute ma- 
terial control must be envisioned in de- 
sign and operation. 

It is not by accident that radiation dam- 
age to personnel is almost unknown and 
that the incidence of even the common in- 
dustrial accidents is extremely low. Con- 
siderations of safety are paramount in all 
research, process designs and operations. 

The design of equipment often con- 
templates that both control and mainte- 
nance be conducted remotely. Instru- 
mentation and control methods must be 
workable and accurate in fields of radia- 
tion, and optical developments may be 
required where direct viewing is not feasi- 
ble. Aside from the expense and em- 
barrassment which always accompany 
“second guessing” after a plant is in 
operation, access for changes is difficult, 
sometimes impossible, where high levels of 
radioactivity occur. 

Again, rates of process reactions and 
of corrosion may be influenced by radia- 
tion, and the data will not necessarily 
follow patterns established for stable 
elements. Even a heat balance might 
have to reflect the energy emission of 
some short-lived elements, here today but 
changing. So the chemical engineer like- 
wise encounters problems outside his 
usual fields, and will have need to branch 
out. 

4. The heat transfer analyst encounters 
odd physical configurations and some- 
times deals with extremely high heat 
flow intensities. To analyze what is pos- 
sible, he has to resort to basic properties 
of fluids—specific heat, conductivity, vis- 
cosity, density—to arrive at proportions 
not usually found in the literature. As 
always where one depends on high rates 
of heat transfer, there is the need for 
maintaining them, month after month, 
against surface deposits which might soon 
reduce the transfer rates. Here the prob- 
lem leads into one of extreme chemical 
purification to avoid such deposits. Our 
analyst must consider also whether the 
heat transfer fluid itself will absorb 


enough radioactivity to require a second 
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transfer medium before this special aspey 
can be dismissed. 

5. The basic proportions, or lattig 
structure, of a pile are always a subjeq 
for further study, i.e., the arrangemey 
of uranium fuel elements, coolant path, 
radiation-absorbing materials and ep. 
trols. If one would establish an in. 
provement here, he must tackle first ; 


problem of nuclear physics—the genen. | 


tion and conservation of the flow of ne. 
trons. But the proportions establishei 
in the design must also allow for wel- 
placed and sure-fire controls, and mut 
provide space for elements of sturdy m. 
chanical design and reasonable access, 3 
well as for adequate flow of coolant. Al 
this becomes a problem for a team con- 
bining the talents of the physicist ani 
those of the design engineer. And if the 
engineer is well-grounded technically, this 
association plus further study will enable 
him to understand the nuclear phenomen 
which underlie his design. 


6. Seldom has a new field of scientific}. 


and engineering effort resulted so quickly 
in an enormous capital investment. Th 
present plants in aggregate have cost bil 
lions and there is some prospect of further 
major expansion. The very first facilities, 
built without pilot plant or semi-works 
experience, were successful due to sounl 
analysis, creative and thorough design. 
The same kinds of continuing effort hare 
brought major improvements and econt- 
mies in both the original and the mor 
recent plants. 

Beyond the present accomplishments 
there is, nevertheless, a major opp 
tunity for systematic engineering—tt 
nomic analysis of existing plants al 
practices and of economic interpretatia 
of technical developments which will lei 
to profitable peace-time uses. Here th 
methods of analysis are much like thoe 
of other industries, but the problems 
often involve technologies that are net. 
There is little experience as a guide. 

7. The power level of a reactor ms 
be controlled quite precisely, since by it 
very nature the reactor tends to incres 
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its reaction rate without limit or decrease 
toward zero. Fortunately, these rates of 
change are not too rapid except in very 
extreme situations so the gross reaction 
rate is physically controllable. In no 
sense, however, must this be construed to 
indicate that the man who develops the 
controls has a simple task. First, he must 
determine reliable means of detecting re- 
action rate and its rate of change. Then 
he must construct a system which will 
alter these rates, possibly by inserting or 
retracting neutron absorbing material; 
and finally he must provide some sort of 
safety system to produce an overall fail- 
safe plant. 


Present Educational Patterns 


If we examine present undergraduate 
curricula and attempt to determine the 
utility in the nuclear engineering field of 
the understanding gained, we might reach 
this conclusion. Each kind of engineer 
that we now produce will find a challeng- 
ing job for his special talents or at least 
for certain major parts of his understand- 
ing in this new area. However, from 
some of these problem descriptions, it is 
apparent that certain changes are in order 
principally because of the obvious breadth 
and slightly non-conventional aspects of 
these situations which our young B.S. 
engineers face. 

The two changes that seem paramount 
in importance are: 


1. Inerease the scope or breadth of un- 
derstanding of the young engineer 
in the classical fields. 

2. Improve his understanding of the 
principles of the structure of mat- 
ter and behavior of radiation. 


Note that I have very carefully used the 
word understanding and not the word 
knowledge, a distinction I would like to 
emphasize in this manner. If one ob- 
serves a series of isolated events and duly 
records the impression in his memory, 
then it is fair to say that he has knowl- 
edge of these events. If, in addition to 


this, he is able to postulate a principle 
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which under differing conditions of ap- 
plication logically infers the occurrence 
of the isolated events, then he has the 
beginnings of understanding in this area. 
As he continues this course of action and 
builds a consistent and well integrated 
body of principles, his understanding be- 
comes more fundamental. This procedure 
is by no means a mechanistic procedure, 
but it requires creative talents of the 
highest order, and it is this understand- 
ing of principles which is our goal in 
education. 

Here it becomes apparent that the two 
changes proposed will probably produce 
some time conflicts in present curricula, 
but in a few instances, at least, with 
which I am familiar, some courses with 
the objective of presenting present engi- 
neering practices could well be replaced 
with courses of different objectives. For 
instance, attempts at presenting current 
practice are fraught with the dangers that 
the end result of a deductive process be- 
comes the sole objective, and that the sys- 
tem deteriorates into a memorization of 
specifics. This should in no sense be con- 
strued to indicate that realism should be 
overlooked in the process of learning, but 
it does mean that more freedom must be 
permitted the student in defining the 
boundaries of his deductions. Also as a 
corollary, we should encourage the stu- 
dent to define for himself the precise na- 
ture of a general problem, for in this 
manner he obtains practice in the induc- 
tive processes so important to the crea- 
tive mind. In a very real sense, then, I 
am saying that the premium is paid for 
the young B.S. college graduate with a 
high thinking quality and a sound ground- 
work of understanding of physical prin- 
ciples, and with these characteristics the 
specific knowledge required on his indus- 
trial assignment can be readily learned 
during his career. 

The question might next arise, “but 
when does a man start to become more 
specific in his choice of physical fields of 
understanding, because he obviously can- 
not continue forever in the direction of 
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learning everything about everything.” 
It appears to me that a convenient time 
to start this specialization, or preferably 
a narrowing of the scope of study, is at 
the M.S. level, and it is probably quite 
appropriate to continue this procedure 
through the doctorate level. Again, how- 
ever, there should be close attention paid 
to the breadth of the area of understand- 
ing outlined as the goal of this highest 
academic level, and, therefore, to the rate 
of narrowing of the scope from the B.S. 
level upward. This is becoming particu- 
larly true in the nuclear engineering field 
as the density of attention devoted to 
problems shifts away from the pure re- 
search toward an applied research and 
development category, where the breadth 
of the problem increases as indicated in 
the earlier problem descriptions. 

Then, a specific recommendation would 
be: 


1. Do not teach nuclear engineering 
specifically, as an undergraduate 
curriculum. 

2. Lay the foundations upon which a 
young man can build a_ nuclear 
engineering career, either through 
going directly to work or continuing 
his study. 

3. As a part of this foundation, in- 
crease the emphasis on the structure 
of matter and on basic principles, 
and decrease the emphasis on prac- 
tice. 

4. Examine carefully the scope out- 
lined as an objective at the B.S. 
level, and the scope for the Ph.D. 
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Conclusions 


I would like to present, in conclusiq, 
two points which will serve to strength 
these recommendations. By definition, 
progress means change, and the pruday 
educator, therefore, moulds his student jy 
the manner which yields the highest pro). 
ability that not only will he survive th 


change, but he will be able to take th} 


leadership in effecting changes. Thi 


necessitates teaching those things whid) 


are most stable and enduring in such; 
manner that creative talents necessan 
for stimulating evolution are not rn 
stricted. 

As further evidence of this point, taka 
directly from the nuclear energy field 
consider the problem of separating fs 
sionable material from fission products 
A very fine course in this separation 
technology could be prepared and it 
might, in fact, be useful. However, th 
man we need is the one who creates i 
novel and far simpler method of separ- 
tion, and I have no assurance that thi 
will even remotely resemble our presett 
practice. 

As a final potentiality, the man wh 
would really do us the most good might 
find a method of combining hydrogen « 
other light nuclei in a manner whid 
yields electrical energy directly. Perhaps 


it’s only an idle day dream, but if it eve) 
does occur, we will then need educatei > 
engineers to exploit this new area to ik} 


utmost. 
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Objective Testing in Mechanics at the 
Michigan College of Mining and 
Technology 1948-1954 


By C. J. PRATT 
Associate Professor of Physics, Michigan College of Mining and Technology 


Immediately following the second 
World War departments of instruction on 
many campuses were confronted with the 
problem of instructing and assigning 
grades to a greatly expanded student 
body. In most cases there were several 
sections of each course being taught at 
different hours by different staff members. 

The problem of how to assign grades 
equitably is of long standing. This re- 
port is a record of how one department 
on one campus has attempted to solve it. 
The impetus provided by the great influx 
of students during the years 1946-1948 
gave rise to an achievement testing 
program in an attempt to make sure that 
students doing the same level of work 
would receive the same grade for the 
course though they might be in different 
sections and under different instructors. 
Beginning with the fall term of 1948 all 
grades assigned in general physics and 
engineering mechanics in this College 
have been based exclusively on the re- 


‘sults of objective testing. 


The subject matter included in the 


1 courses designated as ‘‘Mechanics’” in 
: this article is the mechanics section of 
: general physics and two or three terms 


of engineering mechanics, depending on 


_ the course of study being pursued by the 


student concerned. All of these subjects 
are currently taught in the Physics De- 
partment of this College. Each course 
is one of the prerequisites of its sequel. 
From the beginning of this testing 
program the major emphasis has been 
placed on the construction of adequate 
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test items since no measuring instrument 
is better than the parts of which it is 
composed. For out purposes the mul- 
tiple-choice item has proved superior to 
the other commonly used types. At 
first, five choice items were constructed, 
but recently the number of choices has 
been reduced to four, e.g., 


A slender rod is six feet long and weighs 
128 lb. Its moment of inertia about an 
axis normal to the rod and passing 
through the rod two feet from one end, 
expressed in slug ft?, is: 


a: 16 b: 12 c: 28 d: 37 

If it is desired only that the student 
show his ability to use the transfer 
formula for moments of inertia in the 
problem shown above, he could be given 
the expression for the moment of inertia 
of the rod about the transverse axis 
through its center of gravity. 

The construction of an item in which 
the distractors will appear to be feasible 
to students who do not fully understand 
the principles involved is a difficult 
operation. Much practice in item con- 
struction improves the test builder’s skill 
in designing items which will discriminate 
between those who can and those who 
cannot perform the important operations 
in scientific and engineering problems. 

The first step in item construction is 
to outline the aims and content of the 
area to be tested. The individual items 
should be referred to other staff members 
teaching the same subject for a check on 
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the validity and accuracy of statement 
and answer. Student reaction is a good 
indication of the ‘face validity” of the 
item. 

It has been found that from fifteen to 
twenty-five items will keep the best 
student busy for an hour, depending on 
the difficulty of the items. A two-hour 
final examination may have from thirty- 
five to sixty items. In this way ade- 
quate sampling of the principles and 
techniques of the course has been made 
possible. 

The fact that a test may be valid does 
not insure that it will discriminate among 
the achievements of the good and poor 
students. The best possible item is one 
that the better students will get right and 
the poorer ones will miss. Because of 
lack of personnel and mechanical equip- 
ment, only about ten percent of the 
items on file locally have been so 
analyzed. 

One of the more difficult operations in 
test building is to construct equally 
difficult, but different, forms of the same, 
quiz to be given to sections meeting at 
different hours. If it is found that the 
level of difficulty does apparently differ 
from form to form, it is possible to run 
separate frequency distributions for the 
different forms. At Michigan Tech all 
mechanics sections take the same two- 
hour final examination at the same hour 
to assure that the same instrument is 
used in measuring all the students. 

New quizzes and final examinations 
are built each term, and the items are 
mounted on 5” X 8” cards for filing. A 
library of quiz items collected over a 
number of years makes test construction 
easier and improves the quality of the 
product as time goes on. Copies of old 
quizzes and final examinations together 
with their score distributions are kept on 
file for subsequent analysis and possible 
reuse in special cases. 

In a typical test booklet the printed 
answer sheet constitutes the last page. 
This arrangement reduces the oppor- 
tunity of transferring unauthorized in- 
formation from student to student. 


OBJECTIVE TESTING IN MECHANICS 


Computation sheets and scrap paper gp 
collected with the booklets. No accoyy 
is taken of work leading to the answer t 
each item in a test. It is believed thy 
the instructor has had plenty of oppo. 


tunity to observe the students’ perfom.} 


ance during the term while they have beg 
under instruction. It is hoped that th 
“small errors” have been eliminated dy. 


ing periods of instruction so that he cw} 


be measured on the basis of his abilit 


to solve the problem completely an; 


correctly at the time he is tested. 


Template is Used 


In correcting the answer sheet a ten- 
plate is used to aid in counting th 
number of correct responses. Blank 
spaces as seen through the holes of th 
template are marked in red, and th 


template is then removed. The numbe| 


of wrong responses is then counted ani 
divided by three (the number of choics 
less one) to serve as a correction fo 
guessing to be applied to the number ¢ 
correct responses. This operation yieli 
the “earned score” or the number ( 


items the student KNEW how to work} 


Expressed as a mathematical equation: 


W 


in which S is the earned score, R tl 


number right, W the number wrong, ali 


N the number of answer choices for th 
item. 


For a fifteen-item quiz the value of\) 
has a possible range from negative fiveti) 
positive fifteen, where R and W can van) 
from zero to fifteen and N is four. ‘| 
sample quiz may yield an actual dé) 
tribution of earned scores from zero, al!) 
occasionally lower, to a positive vali) 


equal to the number of items on the qui 
depending on the difficulty of the qu 
and the level of achievement of th 
students being tested. 


During a twelve-week term it is cif 


tomary to give three or four unit quiz 
and a final examination in a given cour 
This poses a question relative to the cot 
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| bination of the scores earned on the 
‘separate tests. Each earned score 
actually represents the numerator of a 
fraction, the denominator of which is the 
maximum score’on that test. Since it is 
not permissible to add fractions with 
different denominators as they stand, the 
next step was to devise a method of ex- 
pressing the earned scores from different 
quizzes in terms of a new unit so that 
their combination would not violate the 
rules of mathematics. 

As an example, let us consider any 
frequency distribution of earned scores 
for 276 students. One solution to the 
problem would be the following sequence 
of computations: 


1. The mean earned score; 

2. The mean deviation 
(md) for each earned 
score; 


3. The standard deviation 
(s) of the distribution ; 


4. The standard score (2) ,_ md 
for each earned score; 8 
5. The T-score for each 


earned score. 


T =102+50 


f Zfap 
18 10 276 98.2 71 Step 1. 
2 266 92.5 64 
16 14 244 85.9 61 
15 30 230 77.9 58 
14 37 200 65.8 54 
13 33 163 53.1 51 Step 2. 
2 8621 130 43.4 48 
11 20 109 35.9 46 
10 19 89 28.8 44 
: 9 23 70 21.2 42 
8 9 47 15.4 40 
ii 9 38 12.2 38 Step 3. 
6 14 29 8.0 36 
5 3 15 49 34 
4 3 12 3.8 32 
3 5 9 2.4 30 
2 4 4 0.7 26 


Sample computation: P = 
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Regardless of the mean or range of the 
earned scores, we thus have a measure of 
the student’s achievement expressed in 
terms of the standard deviation of the 
distribution of these earned scores. The 
relative weight to be assessed to each 
test is entirely in the hands of the staff 
members concerned with the task. 

On the basis of past observations for 
groups of this size the range of z-scores 
would be from minus 2.5 to plus 2.5, or 
from 2.5 standard deviations below the 
mean to a like amount above. The 
reason for translating the z-scores into 
T-scores is to eliminate the negative 
numbers and to change the decimal 
fractions into integers. Thus a corre- 
sponding range of 7’-scores would be from 
25 to 75. The mean earned score of any 
distribution would have a T-score of 
fifty regardless of its absolute value. 

A simpler alternative operation is the 
determination of ‘‘normalized T-scores” 
obtained in the following manner. The 
actual frequency distribution of the 
earned scores for the 276 students on a 
recent quiz is shown below. 


Find the subtotal of the frequencies up from 
the bottom for each earned score (Zfup). 


Compute the percentile (P) for each earned 
score, where 


P= 


For each percentile there is a normalized T- 
score which is read directly from a table of 


T-scores (see end of article). 


30 ) 
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The sample computation indicates 
that a student with an earned score of 15 
has ranked better than or equal to 77.9% 
of the 276 students who took this quiz. 
From a table showing areas under the 
probability curve it appears that 77.9% 
of the total number of cases will lie to the 
left of a vertical line 0.8 standard devia- 
tion above the mean. Hence, a per- 
centile of 77.9 corresponds to a normal- 
ized T-score of 58 and for every other 
percentile there is a unique normalized 
T-score. Such a conversion table is 
given at the end of this article. 

After each quiz the student is given his 
percentile for that unit of work which 
fixes his rank according to achievement 
in the group as a whole, which is all we 
try to do. The corresponding T-score 
goes into the class record to be combined 
with others, on which his final grade for 
the course is determined. 

When several tests are given over a 
period of time and the corresponding T- 
scores are added or averaged, there 
results a “regression” toward the mean. 
It is therefore customary to spread either 
the sum or the average of the unit quiz 
T-scores as a new frequency distribution 
to determine normalized T-scores cor- 
responding to these sums or averages as 
the case may be. This effectively re- 
moves the regression and gives each 
student a single T-score (7',) based on 
the several quizzes which can be com- 
bined directly with the T-score earned on 
the final examination (7) in whatever 
ratio seems advisable under the cir- 


99.9 79 91.2-92.6 64 

99.8 78 89.3-91.1 63 

99.7 77 87.3-89.2 62 

99.6 76 85.6-87.2 61 
99.4-99.5 75 83.2-85.5 60 
99.2-99.3 74 80.3-83.1 59 
98.9-99.1 73 77.9-80.2 58 
98.5-98.8 72 74.1-77.8 57 
98.1-98.4 71 71.1-74.0 56 
97.6-98.0 70 67.5-71.0 55 
96.8-97.5 69 63.5-67.4 54 
96.1-96.7 68 59.3-63.4 53 
95.2-96.0 67 55.8-59.2 52 
94.1-95.1 66 52.1-55.7 51 


48.0-52.0 


92.7-94.0 
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cumstances. Locally the final exami. 
tion counts 50% toward the final gra, 
in the course. 

In this way we have arrived at a sing: 
score which is a measure of the student; 
achievement by which he can be rankej 
with his fellows with complete obj. 
tivity. How the final grades are x 
signed rests with the staff members wh 


have that responsibility, but this methoi | 


makes it possible to do a competent jo 
in that operation. 


Collateral Benefits 


Collateral benefits are many, of whit) 
two are outstanding. First, the ir 
structor spends all but five or six hous 
a term teaching the course instead ¢ 
continually concerning himself with th 
problem of evaluating the student) 
progress. 
course content required for an adequat: 
testing program requires a continuiy 
effort toward its improvement. 

During the seven-year period cover 
by this study, 1663 students har 
successfully completed the mechanic 
sequence at this College. Of these, 13% 
have graduated, 137 have left schod 


Second, the analysis of th) 


without graduating, and 191 are stilla} 


school on this campus. 
Positive coefficients of correlatim 
ranging from 0.6 to 0.8 between m+ 


chanics grades and all-college average? 


indicate that this type of testing progran} 


provides a good indicator of futur 
academic success in college. 


P P T 
44.3-47.9 49 4.9-5.9 34 
40.8-44.2 48 40-48 33 
36.6-40.7 47 33-39 
32.6-36.5 46 95-32 
29.0-32.5 45 20-24 a 
26.0-28.9 44 16-19 <2 
22.2-25.9 43 
19.8-22.1 42 09-11 2 
16.9-19.7 41 07-08. 
14.5-16.8 40 05-06 2 
12.8-14.4 39 04 
10.8-12.7 38° 03 2 

8.9-10.7 37 02 2 
7.4- 88 36 01 a 
6.0- 7.3 35 
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WEINBERG, Chairman 
University of Utah 
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for the young engineering teacher 


LEE HARRISBERGER 
Editor of YET-itudes 
N. C. State College 


“Tndustrialitis>” 


This is the season of the year that gives 
the wives of young engineering teachers a 
hard time. This is the month when the 


recruiters make their salary offers, the 


senior gets signed up for his first job, and 
the students ask the faculty whether to 
work for this company at “four and a 
quarter” or take that’ job for “four 
hundred.” 

This is the time when the YET goes 
home to “la” spouse and raves and roars 
about how his students are getting start- 
ing offers that often equal or better his 
own teaching salary. He bellows about 
the inequities of life; he figures he ought 
to be out there designing rockets, or some- 
thing; and teaching ought to be retired to 
instead of from; ete., ete. 

These wife-directed verbal epics are the 


» manifestations of an occupational disease 


of YETs called “Industrialitis.” The 


| symptoms are a severe pain in the pay- 


check complicated by “thwartitis,” “left- 
out-ishness,” deflated ego, and “selfpityo- 
sis.” All are brought about by a drastic 


| exposure during the spring months to a 
concentrated atmosphere of industrial re- 


eruiting. 

There isn’t a YET in the business who 
doesn’t catch a case of “Industrialitis” to 
some degree every spring. Unfortu- 
nately, there are too many YETs each 
year who do not survive the disease and 
fail to return to teaching in September. 
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This occupational hazard has cut into 
the YET ranks heavily in the past few 
years. As a result “extensive” research 
has been undertaken to determine the 
susceptibilities and immunities to the dis- 
ease as well as effective therapeutic de- 
vices which can be used to combat it, once 
it is discovered. 

It was discovered that YETs suffering 
from a deficiency of surplus operating 
capital were extremely susceptible and 
virtually impossible to cure. It was gen- 
erally noted that those persons with the 
greatest “capital pains” failed to respond 
to any other stimulant. 

In general the studies show that a gen- 
erous income is the best immunity to “In- 
dustrialitis.” However, since all YETs 
suffer some degree of austerity, all catch 
the disease. Those who survive, it was 
discovered, generally do so in spite of an 
anemic checkbook. This has led research- 
ers to investigate the other factors which 
are contributing to recovery. 

It was found that the perennial YET 
is a particular “breed-of-cat.” He puts 
his professional values in several baskets 
and considers each as singularly important 
as the other. Thus, when the disease 
catches him he soon recovers on the 
strength of each of the factors. It’s 
pretty hard to give up six “good deals” 
for one—even if the one is “mo dollah.” 

Since so many YETs find it increasingly 
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difficult to fight off “Industrialitis” each 
spring, the investigating committee recom- 
mends the following “home remedies” for 
building up the strength. 

Dose: Frequent consideration until pain 
is relieved. 


@ How about the terrific personal satis- 
faction in having a part in the in- 
tellectual growth of capable students, 
in being able to guide a student to- 
ward enlightment? 

@ Think of the unlimited challenge to 
devise new and better techniques for 
motivating and encouraging a stu- 
dent, presenting a subject or de- 
veloping a student’s creativity. We 
haven’t even started yet! 

@ Where else can you enjoy the free- 
dom of professional accomplishment? 
There’s the freedom to develop a con- 
sulting practice,* engage in research 
unlimited,* develop new courses, write 
books,* accept foreign exchange fel- 
lowships, work at a variety of in- 


dustrial jobs,* take advance courses, 


attend seminars, participate actively 
in professional societies and write 
technical articles for current publica- 
tions. Where can a man have the 


* (There’s ‘‘gravy’’ money here.) 


opportunity to choose within such , 
scope of intellectual activity, to sp 
cialize or diversify as he chooses? 


@ Where else can a person enjoy th} 


freedom from regimentation? Ther 


are no time cards, no “eight to five’ | 
no half hour lunch period. If yw} 
have to go to the bank—you go ti)! 
the bank! If you have to baby st} 


during the day—you baby sit! 


@ How about vacations? Do you thin! 


you could easily trade three and on. 


half months “off” in the summe,} 
plus two weeks for Christmas andi! 


week in the spring for just tw 
weeks of vacation “sometime duriy 
the year”? 

@ Where else can you enjoy the fellov. 
ship of men of intellect in all ares 
of study, the breadth of cultural ani 
social activity of campus life? 


By golly, this engineering teachiy 
sounds like a good deal, doesn’t it? Dont 
let “Industrialitis” give you “shrinkag 


of the perspective.” We certainly hop! 


you'll all be back in the fall.—L. H. 


Here’s your YET-itude for May: 
“Don’t give up, YET! You never hadi 
so good!” 


ECPD Publishes Papers on Orientation and 
Training in Industry 


A group of four papers discussing orienta- 
tion and training in modern industry are 
now available in a publication of the pro- 
ceedings of the 22nd Annual Meeting of the 
Engineers’ Council for Professional Develop- 
ment, held recently in Cincinnati, Ohio. 
The papers were presented by representa- 
tives of four industrial firms which have 
been participating in the pilot study of the 
ECPD program known as ‘‘The First Five 
Years of Professional Development.’’ 


The publication includes a copy of th) 
brochure describing the program for youl; 
graduate engineers during the ‘‘ First Fir 
Years’? and a copy of the brochure report) 
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Summary of ECAC Conference on 
International Relations* 


Introduction 


As a nation we cannot live by our- 
selves. The growing awareness of our 
interdependence with the countries about 
us has recently been translated into ac- 
tio in many ways. One such mani- 
festation is the increased emphasis upon 
programs aimed at helping our friends 
through education in the broadest sense. 
Long experience has shown our educators 
that mere “book learning” will not satisfy 
the need of those who come to us for 
help. They need and want not only an 
academic education, but the kind of prac- 
tical work experience in our shops and 
factories and offices which will allow them 
to return to their countries and effectively 
attack the problems faced there. 

The following is a summary of the 
ECAC Conference on International Rela- 
tions held in Urbana, Illinois on June 17, 
1954, as a part of the 62nd Annual Meet- 
ing of the American Society for Engi- 
neering Education. The panel was under 
the Chairmanship of Dean Francis M. 


- Dawson of the State University of Iowa 


and had as its announced theme: En- 


_ couragement and Development of Oppor- 
| tunities for Work Experience for Foreign 
_ Students. The speakers were chosen with 


re report 
n Profe: 
studiel 


the pub 
ig ECP) 


ing, 3% 


re ue the view of bringing together men with 


different outlooks on this subject. The 


‘rst Fin Points of view and the speakers repre- 
senting them were: 


1, The Colleges. Arthur Hamilton, 
Dean, University of Illinois. 

2. Sales. H. T. Maser, Foreign Stu- 
dent Director, International Gen- 
eral Electric Company, New York 
22, N. Y. 


*Held at the Annual Meeting of ASEE, 
University of Illinois, June 17, 1954. 
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3. Government. Joseph Cushman, Di- 
vision of Immigration and Naturali- 
zation, Chicago. 

4. Manufacturer. W. J. Holmes, Allis 
Chalmers Mfg. Company, Milwau- 
kee, Wisconsin. 

5. Foreign Operations Administration. 
Fred K. Bollman, Development and 
Management Section and Leeds Gu- 
lick, Works Study Program. 


H. L. Hazen, Dean of the Graduate 
School, Massachusetts Institute of Tech- 
nology and Chairman of the International 
Relations Committee of the Society, was 
a prime mover in the organizing of this 
conference. 

The entire forum was recorded on tape 
and later transcribed. However, as the 
program lasted well over two hours, con- 
densation proved necessary. The fol- 
lowing is an attempt to summarize the 
salient, points of the proceedings in con- 
venient form. 

The following passage from a letter 
written by Dawson to Hazen was offered 
as a keynote for the afternoon’s dis- 
cussion : 

“Tt should be emphasized that foreign 
students have to learn not the American 
way of doing things with big machinery 
which is not available to them in their 
own country. They need to learn, rather, 
about the thoroughness and meticulous 
care with which engineers in this coun- 
try plan all operations in order to mini- 
mize waste and make for increased ef- 
ficiency. Examples of this are produc- 
tion methods and quality control. I wish 
to point out from experience that it is 
quite silly to have men trained in the use 
of heavy earth-moving machinery, for ex- 
ample, when the real necessity is for 
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thorough planning and careful detail so 
that work in their own countries may be 
efficiently and effectively carried out.” 
Dawson extended this by remarking 
that engineers being trained for work in 
the so-called underdeveloped countries 
need less emphasis on the purely theo- 
retical or scientific side of engineering 
and more on the “know-it-yourself” type 
of training so that when they go back 
home they are able to show the workers 
and others how “things should be done.” 
The foreign student needs also to learn 
something of the “dignity of common 
labor from the American industrial sys- 
_ tem in which no sharp distinction between 
management and labor exists,” Dawson 
urged. “Something must be done,” he 
went on, “to make some of these foreign 
students feel that they would not be los- 
ing caste if they got their hands dirty.” 
Dawson then introduced Dean Hamil- 
ton of the University of Illinois, pointing 
out that he was in charge of foreign stu- 
dents’ relations at Illinois and particu- 
larly qualified to speak on the problem by 
virtue of the fact that his school is pres- 
ently serving 550 foreign students, ap- 
proximately 350 of whom are engineers. 


Dean Hamilton: 


Dean Hamilton began by crediting his 
colleagues with doing things for the 
foreign students while he failed to do as 
much for them as he would like. The 
biggest thing that can be done for these 
students, he went on, is not what can be 
done for them in college, but “what they 
can get from practical training outside 
after finishing theoretical training in 
college.” 

Quite good theoretical training is avail- 
able almost everywhere in the world, but 
in many places laboratory facilities are 
either poor or completely lacking. He 


cited the example of a small university in 
Guatemala City where he had seen the 
laboratory equipment for nine scientific 
departments stored in a safe approxi- 
mately six feet by six feet by four feet. 
He cited other instances in support of the 
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general point that many countries ap 
woefully lacking in the facilities need 
“to give adequate preparation from th 
know-how angle.” 

Hamilton agreed with the Chairmy 


that it would be well if the concept ¢) 


work as an “ennobling process” could k 
more widely inculeated, but he expressj 
serious doubts that even so “efficient ; 
country” as the U. S. could break dom 
the “prejudice of ages” in six months « 


even a year and a half. To exemplify; 
things no 


the nature of the problem, Hamilton tolj 
of a student, a foreign national, who ha 
come to him much disturbed because lk 
was unable to find a suitable body ser. 
ant. This man professed never to har 
dressed or undressed without the aid of: 
servant. How long, asked Hamilton rhe 
torically, will it take to change the viev. 
point of an individual with that kind of 
background? 

The Illinois Dean protested that th 
one-and-one half year training program 
for foreign students graduating in this 
country is inadequate. It does not gir 
them time enough to get the kind of i 
dustrial experience they need. Mor 
over, the shortness of the period operate 


jobs, as most industries feel that in a 

18-month period they have to put mor 

into a man than they can get back. 
The problem created by the short tim 


allotted foreign students on a student vis) 


is aggravated by the fact that people wh 


come here from abroad under exchange) 


visitor visas may stay for three or fow 


years. “It seems to me,” urged Hamilto, 
“that as this program is designed to gt) oo 


us friends . . . something must be dow 


about bringing these two kinds of visi} 
together and giving them all the samy 


privileges.” 

Though not professing to know exattl 
how long a time would be needed to git 
foreign graduates from our schools aie 
quate industrial experience, Hamilton 2 
sisted that a year and a half is too little 
He concluded by urging Immigration 
lengthen the work period for student 
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and to equalize the period for all classes 
of visitors. 


Mr. Maser: 


The second speaker introduced by the 
Chairman was Mr. Maser, Foreign Stu- 
dent Director of The International Gen- 
eral Electric Company. Maser began his 
talk by recalling “enchanting tales in an- 
cient history, telling how pioneers travel- 
led long and weary miles to pray for the 
things not prevalent in their own coun- 
try.” With such pilgrimages began the 
exchange of goods and knowledge be- 
tween countries. Such exchange, he de- 
clared, is beneficial, and the need for it 
continues to the present. 


Modern business serves principally 


three major groups: its customers, its em- 
_ ployees, and its stockholders. The for- 


eign operations of a business help all 
three, not only by increasing efficiency 
and lowering costs at home, but by de- 
ereasing disease and poverty (the seeds 
of war) abroad. 

For over half a century business lead- 
ers have been training people abroad. 


' This was necessary if foreign operations 


were to continue and expand. The com- 


people, and trained them—some as for- 
eign representatives, some as dealers, 
some as customers, and still others to help 
in foreign industrialization. Some of this 


“Companies in foreign trade have come 
and gone,” Maser continued, “but despite 


He reported that a ques- 


itionnaire, mailed by him to 200 com- 


panies, had to date elicited 90 responses. 
Of the 90 firms replying, 67 train foreign 
students as against 23 which do not. 
Fifty-eight of the firms which replied 
filled out the questionnaire in full. Their 
responses indicated that traing was being 
offered in a wide variety of work, includ- 
ing all branches of engineering; that the 
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training varied in length but was mostly 
for about one year; and that 50 of the 58 
programs had been started within the last 
10 years. The various programs upon 
which information was obtained pres- 
ently include 156 men from 43 countries. 
Maser estimated that these 58 companies 
had trained 2900 men from 65 foreign 
countries at a cost, in living allowances to 
the men alone, of over five million dollars. 

In speculating as to whether these data 
could be extended to industry as a whole, 
Maser conjectured that the resulting fig- 
ures would be higher than would appear 
logical. While making no claim that 
either his own company or industry gen- 
erally was engaged in this work from 
philanthropic motives, he concluded with 
the following comment on his own com- 
pany’s activities in this area: 

“We have had foreign students in the 
General Electric Company since 1893. 
During that time we have brought in 
about 1700 foreign students. We feel 
that it has been of great benefit to us. 
We feel also that it has been of great 
benefit in cementing relations between 
our country and nations abroad. And we 
feel that our program has been helpful in 
creating good relations internationally.” 


Mr. Cushman: 


Mr. Cushman, described by the Chair- 
man as a representative of “the govern- 
ment side,” pointed out that as Deputy 
District Director of Immigration and 
Naturalization for the Chicago district 
it was his duty to help administer the Im- 
migration and Naturalization law for that 
area. This work involves a great many 
categories of people, only one of which 
is the “foreign student.” The law, Cush- 
man went on, defines the foreign student 
as “an alien having residence in a for- 
eign country from which he has no in- 
tention of abandoning, who is a bona fide 
student qualified to pursue a full course 
of study and who seeks to enter the 
United States temporarily and solely for 
the purpose of pursuing such a course of 
study.” The job of his office Cushman 
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described as that of seeing “that a foreign 
visitor maintains the status for which he 
was admitted to the U. S. and departs 
from the U. S. when his objective has 
been gained and his visit completed.” ~ 

Speaking of the frequent requests 
which come to him for help in finding 
some means by which foreign students 
who have completed their college train- 
ing and 18-months practical work period 
may stay in this country, Cushman 
pointed out that such help serves to de- 
feat the purpose for which the educa- 
tional program was designed and to 
transform it into a sort of immigrant- 
recruiting program. However, the possi- 
bility of a foreign student’s having his 
status changed to that of an immigrant 
does exist if his country’s quota is not 
oversubscribed. But each time this is 
done, warned the Immigration Depart- 
ment official, the purpose of the program 
—that of returning trained men to areas 
where they are needed—is frustrated. 

Addressing himself to the question of 
how long a foreign student may stay be- 
fore he ceases to be a student, Cushman 
said: “Frankly, he ceases to be a bona 
fide student when he loses his desire to 
complete his objective and return to his 
homeland.” The regulations now read 
18 months, he went on, and must, as long 
as they so read, be enforced. The Me- 
Carran Act was designed to prevent peo- 
ple from entering the U. S. under one 
status and remaining under some other. 
Emphasizing the magnitude of the prob- 
lem, Cushman pointed out that people 
come into the U. S. at the rate of 170 
million entries a year. 

Cushman then urged that the schools 
explore and define exactly what the needs 
are for practical training time and then 
work with the government to get the kind 
of regulations they need. At the same 
time he called attention to two types of 
complaints with respect to foreign stu- 
dents that come to his office: 1) American 
students complain that on-campus and 
off-campus employment is reserved for 
foreign students, forcing the native stu- 
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dent to look far afield for work. 2) Ty 
foreign student in practical work is xP 
eused of taking employment from th) 
native worker. This latter complais, home an d 
Cushman pointed out, would reach gree) 
proportions if economic conditions 
to get worse. “When a man is hor’ Holmes s 
Cushman concluded, “he hollers. If ‘Uh, tram 
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Warren F. Holmes: 


The Chair next introduced Warren J 
Holmes of the Allis Chalmers Mfg. (| 
in Milwaukee. Holmes first told a ston 
of his experience in the Philippines 4 
illustrate how strongly the idea is held 
some parts of the world that labor; 
something reserved for the lower clas} 
Usually the foreign students we reecit 
from overseas, he went on, are fro 
upper-class families. “By giving thes 
students experience in our shops and fa 
tories where the good work of our lai 
is performed, we can contribute to the 
breaking down of the class consciousnes 
which contributes to social unrest.” 

“The training of foreign students,” sii 
Holmes, “is a long-time and regular pritf ness to pa 
tice at Allis Chalmers. It is an activity 
in which the company’s management take) 
particular interest and pride, but ther 
are limitations as to what the compa 
can do.” 

Addressing himself first to the positiry 
side, Holmes pointed out that each fo 
eign student who returns to his naiir | quipped ¢ 
land is a potential goodwill ambassadiy (, 
not only for the industry by which he wy ing of se 
trained but for America as 
There are now, he said, 7000 Venezuela tr 
students in the U. S. “Properly handy y 
these students and those that follow tha) |. “<< 
should, upon returning to Venezuela, Division 
come a vast reservoir of good will * consists 0 
tween this important neighbor to asa. 
south and the United States.” The on a 
fits to be derived from these hoor 
Holmes described as of two kinds: fs)... 2) 
the indirect benefits which accrue to 
nation as a whole as a result of impro't 


economic conditions abroad; second, countries 
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direct benefits which accrue to the com- 


| pany as the men they have trained return 


home and acquire positions of influence. 
Turning then to the limitations as to 


- what industry could do along these lines, 


Holmes stressed the high cost of offering 
such training. The cost to his company 
of giving two years of training to a for- 
eign student was estimated at $15,000. 
Another limiting factor noted was the 
resurgence of foreign competition for the 
world market. “It would not seem wise 
to me,” said Holmes, “for every indus- 
trial manufacturer to train British or 
German or Swiss or Japanese student 
engineers outside of those they use for 
their own operation.” 

The result, according to Holmes, is that 
only a relatively few of the many ap- 


' plication received by industry from for- 
eign students can be accepted. 


“Ameri- 
ean industry,” he concluded, “is alive 
with the value of providing work experi- 
ence for foreign students. But there are 


those inevitable considerations to sound 
_ business—costs, facilities, and competition 
' —which limit industry’s ability or willing- 
ness to participate in such a program.” 

activity 
nent take) 


Mr. Bollman: 


The Chairman next introduced Mr. 
Bollman, the first of two speakers repre- 
senting the Foreign Operations Admin- 


each foe istration, who asked permission to refer 
> quipped that a few hours at the ASEE 
ich hele Convention had made him lose any feel- 


a ton alphabet soup.) 


to his agency as FOA. (Mr. Bollman 


ing of self-consciousness over Washing- 


Bollman told the group that Mr. Gulick 


Division (ITAD) of FOA. The ITAD 
consists of three branches: 1) The Tech- 
nical Aids Division which supplies litera- 
ture and such materials to people who 
have been in this country on the pro- 
gram; 2) The Technical Assistance Over- 
seas Branch which takes care of requests 
for technical advice and help from other 
countries and has personnel going abroad 


to work; and 3) Technical Studies, U. 8S. 
Branch, of which both Bollman and Gu- 
lick are representatives. This division 
consists of four sections: 1) The Pro- 
fessional Engineering and Scientific Stud- 
ies; 2) Development and Management 
Studies (Mr. Bollman’s section); 3) The 
Work Studies Training Program (Mr. 
Gulick’s section); and 4) The Processes 
and Technical Studies. 

There are, said Mr. Bollman, 1951 par- 
ticipants under the Technical Studies, 
U. S. Branch, of which 772 are now in 
the U. S. Though this is no longer a 
new program, dating back to 1949-50, 
Mr. Bollman described the cooperation of 
industry as highly gratifying. 

After a few remarks about the general 
operations of this program, Bollman 
turned to the question, “How can you 
(educators) use FOA to supplement the 
training of your foreign students?” The 
answer is that if it develops that a for- 
eign student at a school in this country 
on a purely academic course needs prac- 
tical experience, his adviser in the school 
can prepare an application to the stu- 
dent’s sponsor in the home country for a 
continued training course in the U. S. 
under FOA. “That application is re- 
viewed, and if it can qualify as a con- 
tributing factor to the current produc- 
tivity program in that country, it will be 
processed and a formal application made 
to FOA in Washington for such train- 
ing. In Washington it goes into the hop- 
per and is handled in the same way as 
the 1951 projects mentioned earlier.” 

Bollman then went on to describe an- 
other program which he felt might ap- 
peal to educators. Despite cooperation 
from industry, he pointed out, there is 
considerable difficulty in placing many of 
the men who have graduated from schools 
abroad but wish to come here for prac- 
tical experience. The FOA, he said, has 
developed with considerable success a 
plan for putting these people into our 
vocational high schools for part of their 
work. The advantage of this over uni- 
versity training, Bollman pointed out, 
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lies both in the people who attend and 
the equipment available. In a vocational 
high school, he concluded, they are placed 


in the company of “young Americans who . 


are learning a trade or a skill and there 
they have an opportunity to work with 
their hands, get their hands dirty, and 
associate elbow to elbow with an Ameri- 
ean worker. Now it’s not easy to sell 
some of these foreign nationals on that 
idea. But we are doing it and succeed- 
ing, and in this way these men are getting 
practical work experience, increasing their 
knowledge of the democratic ideas that 
prevail in this country, and learning that 
there is something in the dignity of 
labor.” 


Mr. Gulick: 


Mr. Gulick, also of the FOA, described 
for the group the manner in which the 
Work-Study Training Program operates. 
This he described as a program for the 
“bench-level workers” who “in the future 
will be the leaders of the great masses 
. . . in those countries which are now 
friendly to us and which we hope will 
remain friendly.” 

The men trained, said Mr. Gulick, are 
between 22 and 33 years old, have com- 
pleted apprenticeship and two years as 
journeymen, and come largely from the 
metal trades. Their countries are in- 
formed through our government of the 
Work-Studies Training Program. Bio- 
graphical data on the applicants for 
training are sent to this country. 

In this country preparations are made 
to accommodate a group of from one to 
two or three hundred. The agency goes 
into five or six cities which have at least 
fair employment ratings. There, con- 
tinued Mr. Gulick, we talk to manufac- 
turers, to the Chamber of Commerce ex- 
ecutive, and to the leaders of the active 
unions. We talk also to other interested 
people such as the YMCA secretary, lead- 
ing pastors, and acknowledged com- 


munity leaders. We then ask a school 
recommended by both labor and industry 
to make a job survey. From this we 
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learn what industry in the area expeets 
the labor market to be in the near future 
for each of the crafts. We total the 
number for each craft for the cities ip 
which we are working, divide the total by 
three, and assume that in three months 
we can place that number. These men 
are then ordered over from Europe. An 
attempt is made to draw them propor 
tionally from the participating countries, 
but the ratio is also affected by the avail- 
ability of men who wish to come. 

After the men arrive in this country, 
they are cleared for security and taken 
to the area in which the jobs exist. Each 
man is taken by the FOA’s supervisor in 
that city to the factory. Here he is in- 
terviewed. If he qualifies, he is given a 
job at the same pay as an American 
worker. 

For a year he is an American worker 
and shares their experiences. He joins 
the Union and pays dues. He has the 
vacations and long weekends. Some- 
times three or four of them will buy a 
ear and tour to California and back duwr- 
ing their vacation. A few have taken 
plane trips to Hawaii at their ow 
expense. 

But, Gulick went on, the men are not 
without supervision. In Chicago, where 
there were 65 men in one project, one 
full time supervisor was paid from FOA 
funds. He was assisted by an associate- 
supervisor from the CIO, who proved 
very useful in finding jobs. A full time 
secretary and an office were also main- 
tained for the project. 

In addition to gaining work experienc, 
the men also studied English and Ameri- 
can civilization. They studied manage 
ment problems sufficiently to become con- 
versant with industrial problems from 
the management standpoint. They also 
studied union organization, labor prob- 
lems, and labor management. They 
learned, moreover, that our productivity, 
which exceeds their own by 30% to 100%, 
does so not merely because of machines 
many of which they have, but because of 
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better factory placement, methods, and 
the like. 

Thus in 12 months, Gulick went on, a 
man really gets a picture of America and 
of the laboring man’s lot here, and he is 
better able to resist the blandishments of 
those who try to lure him with second- 
hand accounts of the perfection available 
in Soviet Russia. 

The 12-months program Gulick de- 
scribed as neither too short nor too long. 
If it were longer, the men would become 
settled, and want to stay here. As it is, 
he reported, a few marry here and then 
try to come back. Many marry girls 
here who have immigrated from the man’s 
own country and take them back home 
with them. But, concluded Gulick, even 
those who do return don’t come back be- 
fore they have had a few months in which 
to tell their story effectively. 


Mr. Roland: 


The Chairman next introduced Mr. J. 
W. Roland, of the Department of State. 
Roland explained that at this meeting he 
represented the International Educational 
Exchange Service (I.E.S), a branch of 
the Department of State which has in the 
last “couple of years become increasingly 
concerned with giving practical experi- 
ence to foreign visitors to this country.” 
This concern was said to stem from a 
growing conviction that “more would be 
accomplished if the experiences of for- 
eign visitors are not confined to the theo- 
retical and academic on the one hand or 
to programs of generalized observation 
and consultation on the other.” As a re- 
sult of this thinking a separate division 
of I.E.S. has been established. This new 
group, the Specialists Division, is con- 
cerned, insofar as it deals with foreigners, 
with giving practical training experience 
to these people. 

Under this program, Roland explained, 
no attempt is made to place anyone in 
industry directly. The program is oper- 
ated almost entirely through cooperating 
agencies, both contractual and voluntary. 
The student program of the Department 
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of State is administered by the Institute 
of International Education under con- 
tract. But State is responsible for the 
planning of the program, the general 
supervision, and for selecting the people 
to come. These fall into four main 
groups. 

Before discussing these four groups, 
Roland digressed to explain that the ob- 
jective of this program is “to increase 
international understanding.” Since we 
are trying to build favorable attitudes 
toward the United States, Roland con- 
tinued, we look for people who are going 
into government and political life and 
will be leaders in that field. We look 
also for people who are active in all 
forms of community activity, for people 
going into journalism and writing gen- 
erally, and for leaders of youth organiza- 
tions. Roland explained that while no 
group is ruled out, the aim is to find 
leaders in as many areas as possible. 

In differentiating the State Depart- 
ment program from the FOA program, 
Roland pointed out that FOA, where the 
two operate in the same country, deals 
largely with the economic and technical 
people, leaving the others to the State 
Department. Where there is no FOA 
program, the State Department may 
tackle any field. The difference between 
the two programs is one of primary and 
secondary objectives. FOA has as its 
primary objective economic and technical 
development and as its secondary objec- 
tive the development of a “wider appre- 
ciation and understanding of American 
institutions, motives and policies.” With 
the State Department these two objectives 
are reversed. 

Roland then described in some detail 
the four groups of people for which the 
State Department is concerned to find 
practical experience and what it does for 
them. Briefly summarized these are: 

1) Students coming in under United 
States grants. There were 997 of these 
last year out of a total of about 30,000 
foreign students in the United States. In 
addition, State gave Fulbright Travel 
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Grants to about 1000 more who had found 


their own schools and scholarships. The 
State Department encourages all these 
students to get practical experience in. 
their field, but does not assist them to 
do it. 

2) People who are brought here on 
specialists grants of the Department of 
State, primarily for a program of prac- 
tical training and experience in their 
own field. This group is small, about 200, 
and contains relatively few technical and 
industrial people. Those on this program 
are financed by the State Department ex- 
cept for newspaper men who are paid by 
the papers on which they work. 

3) U. N. fellows and scholars. These 
are serviced by the State Department to 
the extent that in-service training is to 
be arranged in or through United States 
government agencies. About 150 applica- 
tions for this kind of service are received 
annually. The people are maintained by 
their U. N. grants. 

4) People sponsored by their own gov- 
ernments. 
in group three are trained largely in gov- 
ernment agencies from which they may 
be reassigned to private industry for all 
or part of their stay. These assignments 
are in an extremely wide range of oc- 
eupations. 

Roland outlined, in conclusion, the fol- 
lowing obstacles encountered in placing 
people: 


1) limitations of time and staff; 

2) danger of revealing trade secrets; 

3) danger of foreign competition, gen- 
erally; 

4) reluctance to accept people from 
nationalized or socialized industries; 

5) reluctance of plants doing classified 
work to handle people not cleared 
for classified jobs; and 

6) the unemployment factor. 


Roland’s talk completed the initial 
round of speeches. Chairman Dawson, 


after introducing Professor R. P. Sinca 
from Dinbad, India, to the group, com- 
mented on the work of the panel. He ex- 


The people in this group and ' 
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pressed the view that though the member 
of the panel had interestingly outline 
their own very worthwhile programs anj 
the problems encountered in them, litt 
had been said that applied directly to the 
question of how colleges and universities 
can do more to secure practical work e. 
perience for the foreign students that 
they are graduating. This, the Chairman 
insisted, is of primary importance. The 
mere interchange of people between cou. 
tries is not enough, said Dawson, pointing 
to France and Germany as a classic ex- 
ample. “The ideas behind our program 
are what are important. We have got to 
make friends with these people and se 
to it that they do not go home frustrated 
if we are going to accomplish anything.” 

The Chair then recognized Dean Hamil. 
ton who stated that in view of the fact 
that 4000 foreign engineers graduated 
from American colleges last June, the fig- 
ure of 156 foreign students trained in 4 
large industries, cited by Maser, was not 
very impressive. 

Maser responded that he had bea 
somewhat misquoted. First, they were 
not all big firms; and second, they wer 
not all 58 industrial firms. His survey, 
he went on, was designed to get a sam- 
pling of what business in general is doing 
for foreign students. He added that he 
had gained the impression from the sur- 
vey that industry is very much interested 
in the general program and that many 
firms which had once trained foreign 
students but are not doing so now woull 
be glad to cooperate again if asked. 

Mr. Gulick then took the floor to sug: 


gest that the universities might profitably | 
copy one aspect of their program. The? 
FOA has, he said, what is called a Labor | 


Management-School Committee made 
of representatives of schools, managemett, 
the C.1.0., and the A.F. of L. They rep 
resent the community to F.0.A. and art 
helpful in getting men placed in indus 
try. Universities, Gulick urged, shouli 
try to set up similar relationships. 
Dean Everitt of the University of Ill: 
nois then asked if there exists any 


ganizatic 
regardin 
foreign 
pointed 
great de 
of effort’ 
of some 
ating as 
many j 
students. 
Everit 
foreign | 
ing coul 
Americal 
if all ] 
develope 
tion. Re 
pensive, 
would 
foreign | 
show tha 
students 
this wou 
the schoc 
program 
George 
recognize 
that the 
students 
to mane 
level. H 
tion that 
said that 
to help si 
Mr. SI 
lege, Seo 


too are ti 
pressed t 


more eas 
to have 
countries 
Chairn 
was his 
of an ay 
his work 
recognize 
mers Co. 
whether | 
uate engi 
all of the 


: 


nembers 
outlined 
ms and 
n, little 
y to the 
versities 
rork ex. 
its that 
nairman 
e. The 
coun: 
rointing 
Ssi¢ ex- 
program 
e got to 
and see 
ustrated 
ything.” 
the fact 
aduated 
the fig- 
od in 58 
was not 


id been 
ay were 
ey were 
survey, 
is doing 
that he 


n indus 
|, shoul 


IS. 
of Il 
any 0 


SUMMARY OF ECAC CONFERENCE 


ganization through which information 
regarding the possibility of placing 
foreign students can be obtained. He 
pointed out that there is at present a 
great deal of “criss-crossing and wasting 
of effort” and asked about the possibility 
of some organization such as FOA oper- 
ating as a center to find out just how 
many jobs are available for foreign 
students. 

Everitt then theorized that the 4000 
foreign students graduating in engineer- 
ing could probably be given training in 
American industry without undue strain 
if all possibilities were systematically 
developed through some central organiza- 
tion. Recognizing that this would be ex- 
pensive, Everitt urged, however, that it 
would cost far less than other types of 
foreign aid. Even if a survey were to 
show that only 1 in 10 or 1 in 5 foreign 
students could be placed, Everitt added, 
this would be useful as it would allow 
the schools to plan the foreign student’s 
program realistically. 

George Lobingier of Westinghouse was 
recognized next. He offered the opinion 
that the programs for training foreign 
students have never been effectively sold 
to management at the policy-making 
level. He also endorsed Everitt’s sugges- 
tion that a clearing-agency be created and 
said that such an agency could do much 
to help sell top management. 

Mr. Sherman Royal of Technical Col- 
lege, Scotland, told the group that they 


| too are training foreign students. He ex- 


to on | pressed the view that these men could be 


more easily placed if they were required 
to have practical experience in their own 


_ countries before they were accepted. 


Chairman Dawson responded that it 
was his practice to examine all aspects 
of an applicant’s background, including 
his work experience. The Chair then 
recognized John Gammel of Allis Chal- 
mers Co. who raised the question as to 
whether or not the ordinary undergrad- 
uate engineering program was suited for 
all of the people who come here and sug- 
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gested that some work in a technical in- 
stitute might be included. 

George Mullin of Technical Recruiting, 
General Electric Co., said that people in 
his work must constantly take time to 
explain to foreign students that they can- 
not be hired on jobs involving govern- 
ment contracts. He proposed that much 
time could be saved for everyone if a 
bulletin were printed which set forth 
clearly the work areas open to foreign 
students and those open only to U. S. 
citizens. 

In response to a question from the 
Chair as to whether all of GE’s plants 
were classified, Mullin explained that 
though some of their plants are not classi- 
fied, it is necessary in the building of a 
professional staff to hire men who can be 
used flexibly as their abilities and the 
company’s needs warrant. 

Cushman then offered the information 
that many firms have applied for permis- 
sion to import engineers from abroad for 
use in unclassified work. “I don’t know 
the answer,” he said, “but somewhere 
here there must be an answer, as they are 
importing these people who cannot be- 
come citizens for five years and putting 
them to work immediately in plants where 
classified contracts are being offered.” 

Mr. Gulick explained that the responsi- 
bility for admitting people to plants 
working on defense contracts rests with 
the representative of the Department of 
Defense at the plant. 

Dean Vivian of the University of 
Southern California commented that he 
felt that it was highly important to im- 
press upon foreign students that prac- 
tical experience is a privilege and not a 
right. 

In response to a question from the floor 
as to how a foreign student who is in this 
country as a private citizen on a student 
visa can enlist the aid of FOA in secur- 
ing practical experience, Mr. Bollman ad- 
vised that the student write directly to 
the FOA mission in his own country. 
This should be done early as it takes 
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about twelve months to get the applica- 
tion through. 

Mr. Cushman was then asked whether 
a man on a student visa could be paid a 
wage or salary. He replied that such a 
person could be gainfully employed. 

Professor Black of Iowa State College 
then said that he had been plagued with 
the problem of getting experience for 
foreign graduate students. Many of 
these, he explained, badly need practical 
training before they can do graduate 
work profitably. Black commented also 
that he felt the government agencies 
should do more to clarify their own ob- 
jectives and the regulations affecting 
practical experience for foreign students. 

Cushman replied that the government 
agencies do try to coordinate their ef- 
forts. That they sometimes fail to do so 
perfectly, he pointed out, should not sur- 
prise people from large universities where 
the same kind of problem exists. The 
establishing of an information agency 
that could answer everyone’s questions 
about all aspects of the government’s com- 
plex and voluminous activities would be 
quite expensive, Cushman added. 

Hamilton then directed a question to 
Cushman regarding the possibility of get- 
ting a year of practical experience for a 
foreign student going to school here on 
a student visa before that student has 
completed his college course. 

Cushman replied that under the law 
practical training in advance of the aca- 
demie program cannot be approved. A 
student may, however, apply for a change 
of status to exchange visitor. However, 
he cannot change his status again without 
returning to his own country. 

Mr. Bollman suggested that it would 
probably be better if more students came 
as exchange visitors, for they then could 
take any combination of academic and 
practical training that their sponsors ap- 
proved and their programs called for. 
Bollman added that his department is 
conducting a survey of the possibilities 
for finding practical experience oppor- 
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tunities. This survey should clarify th 
picture somewhat. 

The point was then made (speaker no 
identified) that the urgency of action jp 
this area is dramatized by statistics whid 
show that while we trained 23 peopk 
from Indonesia last year, Russia trainel 
9000. 

Another unidentified speaker then en. 
phasized the great importance of sending 
those people who do receive training her 
back to their home countries prepared to 
do the work that needs to be done. He 
suggested that perhaps the countries from 
which the students come would be willing 
to subsidize training in specific areas that 
are of special importance to them. 

Bollman then reminded: the educator 
that FOA does provide a definite pro- 
cedure through which the schools ca 
obtain practical experience for their stu. 
dents and again urged that use be mate 
of the facilities of the vocational high 
schools for this purpose. 

In conclusion, Chairman Dawson «- 
pressed the belief that the Internation 
Relations Committee should work ott 
some concrete plans and arrange for: 
conference in Washington. 


Conclusion 


Though the Conference did not produce 
any simple answer to the question of hor 
to provide more opportunities for work 
experience for foreign students gradual 
ing from American engineering colleges 


two very important points of agreemett® 


are apparent in the foregoing proceel 
ings: 
1) The representatives of education 


industry, and government agree that &) 
lightened self interest requires us to cory 


tinue and expand the program of sharitt 
educational opportunities with our frient 
abroad. 

2) Practical work experience in thi 
country is, in many instances, an essél 
tial supplement to theoretical training i 
colleges and universities. 

The proceedings reveal also that ther 
are many factors which now serious 
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limit the program for giving practical 
work experience to our friends from 
abroad. Paramount among these are se- 
curity needs, fear of competition, preju- 
dice, apathy, limited facilities, complex 
and sometimes conflicting regulations, and 
lack of information. The need is appar- 
ent for cooperation at the top level among 
the schools, industry, and government to 
determine: 1) what work opportunities 
are available to foreigners; 2) how the 
number of such opportunities can be in- 
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creased; 3) exactly what can and cannot 
be done under existing laws; 4) what 
changes are needed in the laws; and 5) 
how information of all kinds can be made 
readily available to all interested persons 
and groups. 

Several proposals designed to promote 
more effective cooperation among the in- 
terested groups were made during the 
discussion. The International Relations 
Committee of the ASEE intends to fol- 
low through on these. 


American Society for Engineering Education 


Chemical Engineering Division 


Fourth Summer School for Chemical Engineering Teachers 


The Summer School will be held June 27- 
July 2, 1955 at The Pennsylvania State Uni- 
versity, University Park (State College), 
Pennsylvania, following the annual meeting 
of the parent society. Three earlier Sum- 
mer Schools for Chemical Engineering 
Teachers were convened at the University 
of Michigan (1931), The Pennsylvania State 
University (1939) and the University of 
Wisconsin (1948). All were very successful. 
As will be the case for the forthcoming ses- 
sions, emphasis was placed on practical help 
to the teacher by discussion of instructional 
methods and the presentation of illustrative 
problems. 

Program. A varied program has been ar- 
ranged under the general direction of Dr. 
Kenneth A. Kobe of the University of Texas. 
Technical presentations on reaction rates, 
process rates, process control, fluid mechan- 
ies, solid state physics, design and econom- 


ies, and operational research are included. 
An entire day is devoted to mathematics in 
chemical engineering. Topics of great in- 
terest to teachers and administrators are: 
Accrediting of undergraduate and graduate 
curricula; a survey of undergraduate cur- 
ricula; nuclear curricula; a symposium on 
unit operations versus engineering science; 
round table discussions on the teaching of 
the first course in chemical engineering, 
thermodynamics, unit operations, and on de- 
sign and economics. A series of four lec- 
tures on educational methods and a presenta- 
tion on student counseling will be given by 
staff members of the host institution. 
Meeting Place. It is planned to hold the 
sessions in the air-conditioned Assembly Hall 
of the new Hetzel Union Building. Round 
table discussions are scheduled for various 
rooms in Osmond Laboratory across the 
street from the Hetzel Union Building. 
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A Professional General Curriculum in Power’ 


By JOHN A. M. LYON 
Chairman, Department of Electrical Engineering, Northwestern University 


Any subdivision of Electrical Engineer- 
ing, particularly at the undergraduate 
level, seems arbitrary; training in a so- 
called option is not always purposeful. 
At the graduate level a much greater 
depth in specialized training seems justi- 
fied. Although even here it is often dif- 
ficult to classify a man by the frequently 
used categories “power” or “communica- 
tions.” Consider a man who has received 
his Ph.D. with original research in some 
part of basic Electrical Engineering, such 
as semi-conductor development. Each of 
us can see immediately the utilization of 
advances of this subject in either power 
or communications equipment. Let us 
recognize that labels are often mislead- 
ing. Power industry personnel repre- 
sentatives very often say that they are 
not interested in the particular special- 
ization within Electrical Engineering in 
which a student has studied. In this way 
I am led to conclude that we mean by 
power equipment manufacturing, or by 
power generation, transmission, and dis- 
tribution, something very broad which 
requires above everything else good basic 
training. Actually the quality of the in- 
struction and the competence of the 
faculty are more important than a list 
of the courses taken by the student. 

We may very well wonder at this time 
what we mean by the term “power.” I 
do not consider “power” to be synony- 
mous with “d-c” or “60 eps” nor do I 
believe that “electronics” is the exclu- 
sive of the communications people. I 
use the word “power” as an adjective or 


* Presented at the Annual Meeting of 
ASEE, Electrical Engineering Division, Uni- 
versity of Illinois, June 18, 1954. 
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classification to describe the production, 
transmission, utilization, and control of 
electrical energy. The power may he 
produced electronically, or electromag. 
netically, omitting other possibilities for 
brevity. With this meaning in mind, | 
am talking of a curriculum of interest to 
utilities, utility equipment manufacturers, 
control and instrument manufacturers and 
users, users and makers of high frequency 


process equipment, and the users and | 


makers of a wide variety of digital and 
analogue computers. 

Certainly in electrical manufacturing a 
well as in the production of electrical 
energy we must be cognizant of the elec. 
tron tube, semi-conductor devices, and the 
saturable reactor as control elements 
Renewed interest in dielectric and mag- 
netic materials for a wide variety 0 
purposes will bring advances in many 
branches of electrical manufacturing. 
With respect to the electric power indus 


try I believe we all readily come to the 
conclusion that electric and electronit 
control, and instrumentation constitute a) 


tremendous part of the activity. We it 
the power field must realize that elec 


tronics is as much a part of the field ol | 


endeavor as are network theory, and elee 


tricity and magnetism. I think that its) 
very regretable that electronics has beet | 
considered by some to mean “non-power, | 


“eommunications,” and the like. Some 
how I think industry has been less ti 
blame in making this incorrect distinctio 
than the colleges and universities. Ai 
least in industry there was some excus 
A man who had had no electronic trail- 
ing hid under the name of “power 
Communications people who first usd 
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PROFESSIONAL GENERAL CURRICULUM IN POWER 


so-called electronic devices were eager to 
seize upon the word “electronics” as 
something that belonged exclusively to 
them. I am afraid that colleges and uni- 
versities have been guilty of agreeing to 
this misleading concept. 

Many of use in college teaching to- 
gether with our contemporaries in indus- 
try recognize the great need for studies 
involving more than one field of engineer- 
ing such as electrical, mechanical, civil, 
ete. Industry has been helpful in the 
problem of determining the patterns of 
engineering education. I wish to point 
out that education has contributed, and 
must in the future contribute to the shap- 
ing and moulding of industry. Things 
that are being taught in the university 
classrooms and discovered in the univer- 
sity laboratories may very well be a part 
of the future of any industry. 

In planning a power curriculum we 
should look to the future of the whole 
power industry in much the same manner 
as the utility system planning engineer. 
We should teach so that the student is 
prepared to meet problems in industry 
including the newer and most advanced 
problems. However, if we attempt to 
teach the student to handle the details 
of the individual technical problems, we 
would then be surely short-changing the 
student on fundamentals. Any curricu- 
lum in electrical engineering should be of 
sufficient depth so that the student upon 
graduation will have something technical 
to offer which is not available generally 
from graduates a few years before him. 

I think that we should not strive to 
place students in classifications any more 
than necessary and justifiable by prece- 
dent. Just as industry makes use of in- 
dividuals with different abilities and in- 
terest so should colleges and universities 
recognize students as individuals with 
very real differences. In so far as possi- 
ble I believe colleges and universities 
should strive to develop the student along 
the lines of expressed interest. In this 
way I think the student is most likely 
to approach his full potentialities in life. 
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Keep It Basic 


I believe the main requirement of any 
electrical engineering curriculum is to 
keep it basic; a large amount of special- 
ization at the undergraduate level is un- 
justified; and a special designation in the 
degree offered should not include refer- 
ence to this comparatively small amount 
of specialization within the general field 
of Electrical Engineering. I believe ex- 
perience has shown the error in detaching 
Radio Engineering and offering a sepa- 
rate degree in that specialty aside from 
the degree in Electrical Engineering. 

There seem to me to be two general 
methods of approaching this curriculum 
problem. One is to alter existing courses 
to include basic concepts of the power 
field. The other is to include in the cur- 
riculum specific courses in the power 
field. This latter approach would re- 
quire the deletion of existing courses. 

It is my contention that the future of 
an undergraduate electrical engineer is 
largely undetermined when he is an un- 
dergraduate. I personally know that 
some of the finest system planning and 
relay engineers in the electric utility field 
were enthusiastic about radio communi- 
cations in college. Also I know of some 
of my former students, mechanical engi- 
neering students, by the way, whose main 
contact with Electrical Engineering in the 
university was in the service courses of- 
fered to them—these same men in the 
professional world are recognized now as 
able electrical engineers. 

The main objectives in a professional 
general curriculum in Power should be: 


(a) To develop the intellect of the 
student 

(b) To supply him with basic concepts 

(c) To stimulate and inspire the stu- 
dent for possible creative work 

(d) To equip the student so that he 
is prepared to enter his chosen 
branch of professional engineer- 
ing with a reasonable knowledge 
of the latest advances in this 
branch 


| | 
| 
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(e) To render a service to industry 
and the engineering profession by 
supplying adequate trained in- 
dividuals who are not merely capa- 
ble of being assimilated by the 
profession and industry, but who 
may reasonably be expected to sup- 
ply the profession and industry 
with new impetus. 


These objectives can be realized with vari- 
ous power curricula. A curriculum has 
the best chance of successfully fulfilling 
its objectives if it is tailored to the abil- 
ities of the faculty. 

My experience with employers indicates 
that they place a high value on good 
training in mathematics, physics, chemis- 
try, the humanities, economics and busi- 
ness administration, and basic courses in 
other engineering departments. It seems 
doubtful if carving out a more extensive 
power curriculum at the expense of the 
above fields can be justified. It is de- 
sirable that the student in Electrical En- 
gineering be allowed to take a few gen- 
eral electives from the above fields. 

You will notice that electronics is in- 
volved in power, as is analysis of cir- 
cuits, nuclear instrumentation, motor con- 
trol, symmetrical components, analysis of 
power system stability, and other appro- 
priate subjects. I still hesitate to say 
that every undergraduate student who 
expects to be in the power field should 
have courses entitled Symmetrical Com- 
ponents, Power System Stability, Power 
System Relaying, LaPlace Transforms, 
or Tensor Analysis. Rather undergrad- 
uates should have a limited knowledge of 
some of these plus a general knowledge 
of the usefulness of the other topics. 
Further, it seems to me that every power 
student should have facility with system 
analysis involving circuits utilizing both 
electronic tubes and machine elements, in- 
cluding control elements. The analysis 
of circuits should be general enough so 
that the students see the usefulness of 
similar methods for thermal, fluid and 
other flow problems. 


PROFESSIONAL GENERAL CURRICULUM IN POWER 


I am not going to list courses to be in. 
cluded in a general professional powe 
curriculum, Rather I would say that ip 
some of the required courses the fund. 
mentals of network theorems, super. 
position, symmetrical components ani 
transform analysis should occur. Mor 
complete treatments can be reserved for 
elective and graduate courses. With the 
tremendous requirement for a_ basi 
knowledge, I doubt if most undergrad. 
uates can take more than two or thre 
elective courses in the technical field of 
electrical engineering. Even then I would 
not insist that these electives all be in 
what are generally called power electives 
such as “Power System Stability,” Syn. 
metrical Components,” “Relaying and 
Control,” “Industrial Electronics,” ete. | 


can see the desirability for a power engi- | 


neer to take courses in almost any phase 
of electronics, advanced circuit theory, 
analog computers, digital computers, 
feedback systems, microwaves, ete. 


Fundamental Concepts of Nuclear 
Processes 


In line with the idea for training fo 
the future, it seems to me that every ele- 
trical engineer should be trained in the 
fundamental concepts of nuclear proe- 
esses. For a power curriculum, add 
tional elective courses in nuclear reac 
tors, and nuclear instrumentation seem 
desirable. The nuclear power plant 
projects at present being anticipated raix 
the question of whether or not ther 
should be a separate curriculum in n- 
clear engineering. 


partments of engineering. 
very important phase of nuclear engi 
neering to which electrical engineers cal 
contribute, and that is in nuclear instr 
mentation and control. The important 
problems of thermodynamics and metal 
lurgy can best be solved by engineer 
primarily concerned with such topics. 1 


My belief is tha) 
nuclear engineering is an excellent er) 
ample of the need for cooperation among 
the existing branches of engineering ani, | 
in universities, among the existing de) 
There is if 
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short, I believe our basic training of elec- 
trieal engineers should deal with nu- 
cleonics much as our basic training deals 
with thermodynamics, heat engines, or 
theory of structures. In electrical engi- 
neering, training for nucleonies should be 
concentrated at the elective and graduate 
levels on control, instrumentation, and 
particle accelerators. In this way the 
needs of the manufacturers and of the 
utilities for engineers trained in nu- 
cleonics may best be fulfilled. 

The power industry has to offer chal- 
lenging opportunities to young men be- 
fore this industry can compete favorably 
with communications and radio in the 
employment of recent graduates. Power 
engineers responsible for developing the 
engineering personnel of their organiza- 
tions should not emphasize (1) impor- 
tance of knowledge of equipment (2) 
servitude for the young engineer in sub- 
professional levels for the first few years, 
thereby perhaps forever limiting the vi- 
sion of the young man. The power in- 
dustry for its own further development 
should try to make use of the special 
abilities which the recent graduates pos- 
sess and which the experienced engineers 
never had the opportunity to obtain. 

In the universities we don’t want to 
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teach men just to do the routine jobs in 
engineering. Unfortunately, many young 
graduates now entering the power field 
find their ambitions thwarted by the ap- 
parently common practice of reserving 
the most intriguing problems for the 
older and more experienced engineers. 
Actually, I believe that in the power 
field too much weight has often been 


placed on experience. There is a real 
danger in this. We then find engineers 
brought up in the atmosphere of doing 
the same old thing in the same old way. 
Sometimes I thing that we should always 
have two types of designers available. 
One type to keep up with the latest in the 
industry, the other to be entirely unin- 
hibited and not be concerned with what 
the rest of industry does. If we had more 
of the latter, we would have less stagna- 
tion in certain fields. 


Conclusion 


In conclusion, I believe in stressing the 
objectives of a power curriculum rather 
than a listing of courses. I believe in a 
curriculum utilizing the strength of the 
faculty. I warn against boxing in the 
subject of power so that a student gets 
a worm’s eye picture of Electrical En- 
gineering. 


College Notes 


Four new degree programs for gradu- 
ate students have been approved by the 
board of trustees of Stevens Institute of 
Technology. Of the four new programs, 
to be offered starting next fall, three will 
lead to the degree of Doctor of Philos- 
ophy. These will be awarded for study in 
the Departments of Chemistry, Math- 
ematies and Physics which already grant 
the master’s degree. The new doctoral 
programs will be in addition to that in 
applied mechanics now offered by the De- 
partment of Mechanical Engineering, for 


which the degree of Doctor of Science is 
awarded. The fourth of the new pro- 
grams is one leading to the degree of 
Master of Science in Civil Engineering. 


The South Dakota Legislature in its 
1955 session appropriated $850,000 for 
a new engineering building at South 
Dakota State College. The building is 
being planned at the present time. Com- 
pletion of building may be in 1957. 
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Educational Requirements for Design and 
Development Engineers* 


By WILLIAM E. BRADLEY 
Director of Research-Technical, Philco Corporation, Philadelphia, Pa. 


A report on the subject of educational 
requirements for design and development 
engineers must begin with the comment 
that we are more dissatisfied with the 
quantity of the applicants than with 
their quality. There has never been a 
time when so many challenging design 
and development positions were avail- 
able in the communication field. 

Of course the manpower shortage in 
these fields is only partly due to a re- 
duction in the number of engineering 
graduates. In large measure it has been 
caused by industry expansion in highly 
technical fields so that there is an in- 
creasingly great demand for men capable 
of filling design and development posi- 
tions. 

I will try to present a summary of 
those educational requirements and re- 
lated matters which seem to me to be 
most important. I am not in a position 
to judge which of these are most readily 
applicable to the planning of actual en- 
gineering courses by the schools. The 
most important subjects in this connec- 
tion will be presented in approximate 
order of priority, from our own point of 
view. 


Personnel Type for Design and De- 
velopment Positions 


It is our opinion that adequate educa- 
tion is a necessary but not sufficient con- 
dition for a successful engineer. Both de- 
sign and development positions require, 
in addition, certain inherent talents and 


* Presented at the Annual Meeting of 
ASEE, University of Illinois, June, 1954. 
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abilities. Engineering schools perfom 
an extremely important function, in adi- 
tion to their educational activity, in y. 
lecting appropriate personnel types. 
However, a difficulty appears at this 
point. There has as yet been develope 
no system of grading students which 


gives much indication of the relativ | 
talents and abilities of the student in| 


each subject as compared with the aver. 
age of his colleagues. This comparison 
is very important because to some extent 
college grades can be used as aptitude 
test data. 
ful method of personnel selection tha 
the use of average grades. 


I have often been in some doubt upo — 
examining a transcript of the grades of 
an applicant as to the value of the pres | 


ent grading system to a prospective en- 
ployer. For example, I might observe 
that the applicant had a mark of C ina 
course in differential equations. The 


question that immediately comes to mini © 
is whether the rest of the class averagel | 


B or D since only thus can I conclude 


whether this man showed more than aver § 
age ability or below average ability nf 


this important course. 


The grade received by a student in on 
isolated course is, indeed, almost mean | 
If this 
grade had been attended by a statement | 


ingless without additional data. 


of the average grade received by the e- 
tire group in this course and if, also 


there were a notation of the number  § 


semester hours of study to which the 


student was committed during the seme 


ter when the course was taken, a gretl 
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deal of valuable information could be 
derived. Strong individual differences 
between students can be distinguished 
from the pattern formed by their depar- 
tures from class average in each course. 
Our most successful design and develop- 
ment men show very clear-cut patterns 
or correlations in this respect and we 
have come to the conclusion that very 
valuable data concerning the personnel 
types could be obtained by a relatively 
small amount of additional information 
furnished with the transcript of grades. 

Of course we have no rigid rules relat- 
ing mathematical correlations, derived 
from academic grades, to suitability for 
employment, but we do allow these cor- 
relations to prejudice us. It is probable 
that the research for correlation between 
the pattern of grades and industrial suc- 
cess in particular fields is an appropriate 
job for industrial personnel departments 
since position requirements vary from 
company to company. On the other hand, 
the development of a grading system that 
would make the study of such correlations 
possible is clearly appropriate to the 
educational institutions and we very much 
wish that this could be done. 


Thorough Grounding in Basic Theory 


An engineering course is necessarily a 
mixture of two components. One of these 
is training in basic theoretical principles 
and their broad application. The other 
is training in the engineering practice of 
our generation. In our experience, these 
two types of training are not of equal 
value. Basie theory does not change, 
whereas engineering practice does. It is 
impractical for engineering schools to 
keep entirely up-to-date with present-day 
practice whereas, due to their more 
permanent nature, engineering schools 
can teach with assurance fundamental 
physical laws. 

We have many times wished that our 
young engineers had more training in 
theoretical mechanics, Fourier integrals, 
vector analysis, electromagnetic ‘theory, 
optics, and elementary atomic physics, 


whereas we have seldom had reason to 
complain of a man’s lack of knowledge 
of practical equipment except in cases 
where the personnel type was not ap- 
propriate. 

I am sure that this point has often been 
made before and that our point of view 
here is not at all unusual. However, no 
account of our opinion regarding educa- 
tional requirements for design and de- 
velopment engineering could be correct 
without the statement that training in 
fundamental physical theory is in short 


supply. 


Application of Theory to Practical 
Situations 


Strong differences appear among men 
of nearly equal education in their ability 
to apply theoretical knowledge to prac- 
tical problems. Since a number of men 
have shown marked improvement in this 
ability during their period of employ- 
ment with us, we believe that it is not 
an inborn talent but that it ean be learned 
from experience. We are not certain 
what could be done in an educational in- 
stitution to improve this ability but, sur- 
prisingly, there does not seem to be a 
very close correlation between an engi- 
neer’s ability to solve a textbook problem, 
which is clearly stated in language to 
which he is accustomed, and his ability 
to deal with easier problems which arise 
from day to day in the course of labora- 
tory work. Perhaps the truth here is 
that the student needs practice in the 
process of problem definition. To define 
a problem relating to a physical system 
is a kind of abstraction process. Any- 
thing that can be done to improve the 
engineer’s ability to relate actual physi- 
cal phenomena to the laws and principles 
which he has learned in school would be 
of immense value. 

The most important factor in learning 
how to apply theory is, of course, actual 
exercise in such application. A com- 
promise is necessary between the extent 
of the framework of theory to which the 
student is exposed and the thoroughness 
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with which he learns each part of the 
framework. The distinction between a 
superficial knowledge of theory and a 
working knowledge of the same theory is 
like the distinction between a reading 
knowledge of a language as opposed to 
a speaking knowledge. A_ speaking 
knowledge can only be acquired by actual 
practice in speaking, and a working 
knowledge of theory can only be obtained 
by applying the theory to idealized cases. 
The cases should be preferably idealized 
because the intent of the process is to fix 
the theory in the mind of the student. 
The amendments necessary for practical 
applications should be learned on the 
job, not in school. 

Laboratory work in the engineering 
school may or may not assist in this type 
of training. During his college years the 
average student is studying so many sub- 
jects simultaneously and has so little 
time for relaxed thinking that he is very 
likely not to do justice to the challeng- 
ing problems presented by even a very 
good laboratory course. In that respect, 
work in industry is very different from 
the type of effort required of a student in 
engineering school. It is the rule, not 
the exception in industry, for a man to 
spend many days or even weeks on a 
single subject or problem whereas in 
school the ability to switch off his inter- 
est in one subject and turn it on in an- 
other on short notice contributes greatly 
to his performance. This quality may 
not even be desirable in industry. The 
requirement that during his education a 
student focus his attention in rapid suc- 
cession on many rather diverse subjects 
is one important cause of the well-known 
discrepancy between college grades and 
success in industry, at least for design, 
development, and research positions. 

Training in the use of approximate 
methods of analysis is a closely related 
subject. Very rare is the design or de- 
velopment problem which does not in- 
volve approximate rather than exact 
application of mathematics. A skilled 


engineer not only has a repertory of 


standard approximation methods, such x 
linearization of nonlinear systems, ex. 
pansion in series, approximation of jp. 
tegrals by sums or sums by integral 
and so forth, but he also knows how ty 
guide these approximations by a still 
more vague sense of proportion derived 
from a clear visualization of the physical 
factors of the problems. Again, many 
engineering schools fully appreciate the 
importance of this subject but I would 
like to emphasize that its significance in 
practical work is very great. 


Engineering Decisions 


A little observation of the actual prac. 
tice of engineering in industry shows that 
such positions require important activi- 
ties for which the engineer receives very 
little guidance from his engineering train- 


ing. It would be very helpful if a little | 


more emphasis could be placed upon the 
nature of engineering decisions, upon the 
manner in which responsibility is allo- 


eated in engineering organizations, and: 


on the conduct of the typical small meet- 
ings in which technical group decisions 
are made. These things are, at present, 
part of the folklore of the profession and 
for many years after graduation a stu- 
dent is likely to be reckless when he 
should be cautious or the opposite. He 
does not fully appreciate the extent and 
limitations of his responsibilities, and 
does not know how to conduct himself 
in a technical meeting where he may he 
called upon to present important evidence 
and to help decide important issues. 
Perhaps engineering schools should 
make a study of some of these aspects of 
an engineer’s work and determine whether 
or not these things could be taught in an 
orientation course for upper classmen. | 
have heard that some steps in this direc 
tion have been taken in a few schools. 


Conclusion 
It can be seen that the foregoing com- 
ments can be summarized under two 
headings. 
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First, from our point of view, we wish 
that we could use scholastic grades in 
some degree as indications of the rela- 
tive aptitude of the student in various 
fields. Normalized grades could accom- 
plish this and would greatly assist us in 
finding positions to fit the characteristics 
of the available men. 

Second, we would like the engineering 
graduates to be prepared for the decisions 
which they must make in typical re- 
search and development activities. Such 
training should prominently feature as 


extensive as possible a framework of 
theory with plenty of practice in its 
application to idealized cases. 

Some general training in the process 
of technical decision-making would also 
be appropriate, although this subject does 
not seem to fit existing scholastic cate- 
gories and the content of such a course 
should be based upon observations of the 
actual practice of decision-making in de- 
velopment and design engineering or- 
ganizations. 


In the News 


Establishment of the Office for the In- 
ternational Geophysical Year of the Na- 
tional Science Foundation has been an- 
nounced. The new office will be headed 
by J. Wallace Joyce. 

The International Geophysical Year is 
a world-wide program of special observa- 
tions of various earth-science phenomena 
planned for 1957-1958. Under the aus- 
pices of the International Council of Sci- 
entific Unions, thirty-eight nations have 
already agreed to join, during that year, 
in a vast effort to collect synoptic data 
in such fields as geodesy, meteorology, 
the upper atmosphere and ionosphere, 
oceanography, earth magnetism, and lati- 


| tude determinations. The purpose of the 


program is to develop more fundamental 


knowledge, which in turn ean lead to di- 
rect benefits to all mankind. 


* * 


The 47th and largest Annual Meeting 
of the Air Pollution Control Association 
will be held in Detroit from May 22 
through 26, 1955. Membership in the 
national association, which is interested 
in all phases of air pollution control, in- 
cludes representatives from industry, 
trade associations, educational institu- 
tions, and local, state and national 
groups. Air pollution control experts 
from the United States and Canada will 
report on the latest findings in smoke 
abatement, air pollution measurements, 
odor control and new developments in 
abatement equipment. 
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Evaluation of Engineering Teaching Ability 


By T. H. EVANS 
Dean of Engineering, Colorado Agricultural and Mechanical College 


The evidence of research is a publica- 
tion of results and conclusions; that of 
useful professional activity in a national 
society is work on worthwhile and active 
committees, or as an elective officer who 
leads the society to useful achievements; 
that of educational background is ad- 
vaneed degrees; that of prestige is the 
seekers for advice from outside the col- 
lege; that of scholarship is publications 
such as textbooks, supplementary notes, 
technical papers, or discussions of tech- 
nical papers of others; that of back- 
ground of professional experience or 
private consulting practice is the con- 
erete creations of such work. 

All these activities in which a faculty 
member might engage are measurable and 
can be evaluated for merit. But what is 
the evidence of good teaching? Can it be 
measured in a similar manner? If not, 
how can it be evaluated? 

The problem of evaluating correctly the 
teaching ability of members of an engi- 
neering faculty has been discussed prob- 
ably since the beginning of ASEE’s 
predecessor, SPEE. Yet no one today 
seems to be able to give a universally ac- 
ceptable answer to the question of how 
you do it. Perhaps we worry too much 
about something that has no definite solu- 
tion; but since someone is always worry- 
ing about it, it appears that administra- 
tors will have to keep searching for a 
good solution. This is an effort to define 
the problem in order at least to help 
clarify the writer’s own thinking on the 
subject. 

Methods of evaluation today seem to 
run all the way from pure opinion based 
on a teacher’s habits and personality, to 


elaborate numerical rating systems based 
on publications, degrees, society activities 
talks, courses taught, and what have you 
What is right and fair for both parties 
concerned? That is the problem for 
which most of us would like to have 4 
good answer. 

Since answers will vary with just what 
is wanted it will probably be well to ty 
to limit the problem with definite sped- 
fications. As the writer sees it, the prob- 
lem is to determine how effective as 
teacher of engineering subjects is the man 
who is hired primarily (but not neces. 
sarily exclusively) as a teacher. The 
problem is affected also to some extent by 

‘the administrative level at which th 
evaluation is being done. One above that 
of the departments seems desirable sine 
in many schools that is usually final, ani 
it is also the first level at which overal 
coordination and uniformity must be e& 
ercised. To boil it all down then, th 
writer sees it as: how may a dean evalt 


ate properly the teaching ability of 


gineering teacher? While the dean i 
not always close enough to the teacher 
to observe them at work he still has th 
responsibility of coordinating the recom 


mendations of a diverse group of depart) 


ment heads to be sure both the school anl 


the individual are treated fairly. Eva) 


though all department heads are sincer 


and unbiased, their various methods 0) 


evaluation may cover the spectrum fro 
one end to the other. 

To arrive at an acceptable definition ¢ 
what good teaching is may not be diffictl 


but there is extreme difficulty in decidit}” 


how to measure what a man is doing #! 
teacher. The latter is our problem. 4 


Journat or ENGINEERING Epucation, May, !ff 


708 


this stage 
ure the n 
his overall 

We mig 
tremes wh 
ing a teac 
we have 


measures 
degrees, re 
national s 
pus comm: 
to his elas 
criticized 
of the iter 
ure of a 1 
know of | 
things well 
also has n 
that these 


Then we 
spectrum 4 
tem in eff 
personal ti 
this syster 
preceding 
abhorrence 


a departm 


members 
them. Fa 
ered here 

terest in 
ple, knowl 


ability to 
ability fa 
ability to 
professions 
genuity, pe 
This ext 
for variou: 
the factors 
measure of 
the other ¢ 
be interpret 
ing ability 
stimulate o 
ured in any 
the items, e 


teaching 
grounds hi 
ing. 


ity 


based 
tivities, 
ve you. 
parties 
for 
have a 


st what 
| to try 
2 speci: 
e prob- 
as 
the man 
; neces- 
The 
ctent by 
ich the 
ove that 


le sie a department head may even discourage 


nal, ani 
overall 
t be ex 
hen, the 
n evalt- 
f an 
dean 
teacher 
has the 
e recoil: 
depart 
hool ani 


y. Evap 
e sincer) 
thods 


um 


nition ¢ 


 diffical: 


decidin} 


oing as! 
4 


, May, If 


EVALUATION OF ENGINEERING TEACHING ABILITY 


this stage at least we are trying to meas- 
ure the man’s teaching ability and not 
his overall worth to the institution. 

We might start by reviewing two ex- 
tremes which have been used in evaluat- 
ing a teacher’s ability. On the one hand 
we have a fairly objective method that 
measures a teacher in terms of advanced 
degrees, research, publications, activity in 
national societies, civic affairs and cam- 
pus committees, prestige, ete., in addition 
to his classwork. This method has been 
criticized as evading the issue since most 
of the items used are not a direct meas- 
ure of a man’s teaching ability, and we 
know of people who do many of these 
things well but are still poor teachers. It 
also has many champions who point out 
that these things can measure the man’s 
teaching ability since they are back- 
grounds he must have to teach engineer- 
ing. 

Then we can go to the other end of the 
spectrum and find a purely subjective sys- 
tem in effect, in which many human or 
personal traits are used as a guide. In 
this system the items mentioned in the 
preceding paragraph are looked on with 
abhorrence, sometimes to the extent where 


members of his staff from engaging in 
them. Factors which have been consid- 
ered here are: enthusiasm, a sincere in- 
terest in the development of young peo- 
ple, knowledge of subject matter, attitude 
toward teaching, intellectual honesty, 
ability to inspire and stimulate others, 
ability for self-expression, tolerance, 
ability to cooperate, judgment and tact, 
professional attitude, originality and in- 
genuity, personality, ete. 

This extreme has been criticized also 
for various reasons. For one, many of 
the factors listed are no more a direct 
measure of teaching ability than those in 
the other extreme. The ones that might 
be interpreted as directly measuring teach- 
ing ability (e.g., ability to inspire and 
stimulate others) usually cannot be meas- 
ured in any reliable way. Since most of 
the items, even if directly related to teach- 


709 


ing ability, are not capable of quantitative 
evaluation, the system boils down to sub- 
jective judgments. These are criticized 
as being liable to opinion, prejudice, emo- 
tion, friendship, or just plain charity. 
This method appears to have no more uni- 
versal acceptability than the other at 
present. 

The unusual and outstanding small 
group of distinguished teachers, some of 
whom we all know, are not our problem. 
They are usually easy to spot because 
everyone—students and colleagues—feel 
they have some spark that makes them 
outstanding; and then most of them do 
something besides just teach. Perhaps 
it is the latter that causes them to be out- 
standing. Our problem is with a great 
mass of engineering teachers who are not 
distinguished outside of their classrooms, 
but many of whom undoubtedly do an ex- 
cellent teaching job. Also many of these 
better ones do not care to do anything 
but classroom teaching. How may an 
administrator evaluate properly their 
ability as engineering teachers? 

Since the two evaluation extremes men- 
tioned have both good and bad points, 
and neither has been universally accepta- 
ble, it seems that a compromise would be 
better to perhaps retain the advantages 
from both systems. This would be a 
compromise between purely objective and 
subjective methods, with a hope of be- 
ing able to measure not only the quan- 
tity, but the merit of all items considered ; 
tempered, of course, with human under- 
standing and good judgment. It appears 
also that we must retain many items that 
may not measure directly a man’s teach- 
ing ability but which, if indulged in prop- 
erly, could improve it. 

Instead of using a negative approach 
and shunning any characteristic because it 
does not directly measure teaching ability 
(having a Ph.D., or tolerance, judgment 
and tact, for instance), or because it 
could be overdone and detract from a 
man’s teaching (too much research for 
example), it seems a positive approach 
would be much better. In other words, 
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if the characteristic could make a man a 
better teacher, then try to use it. It 
would be up to the evaluators to de- 
termine the merit of any item and to keep 
things under control so that poor teach- 
ing was not rewarded just because the 
man had an impressive record of other 
things. To never have any such items to 
evaluate for their merit is what bothers 
some administrators. 

Now we come to the evaluation of a 
man’s overall worth to his college. This 
has probably been confused a lot in the 
past with his evaluation as a teacher. If 
a man is a poor teacher he should not re- 
ceive any rewards for his teaching, al- 
though he may have considerable other 
value to his institution. If two men seem 
to be about equal as teachers then per- 
haps one is worth more to his college 
than the other. This is a matter for ad- 
ministrative determination, but each level 
of evaluation must always keep clearly 
in mind also the objective of rewarding 
good teaching if it can be determined 
with certainty. Good teaching should 


also mean something special, something ' 


above average, something more than mere 
acceptability. 

It is proposed that the good teacher is 
a creative man of many ideas, great origi- 
nality, and enthusiasm for teaching, who 
will spend most of his time in professional 
development of appropriate kind. He 
should be creative whether it be in class- 
room teaching, writing, research or pro- 
fessional activities. As Julius A. Strat- 
ton, provost at M.I.T., so succinctly stated 
it: “Teaching and the quest of knowledge 
go hand in hand. A society of teachers 
with no interest other than that of con- 
veying knowledge acquired by others will 
wither away.” A school can be no better 
than its teachers; if they are “satisfied” 
men then there is a big question of its 
ability to progress and keep up with the 
times. To improve curricula and to at- 


tain prestige the engineering school must 
have a faculty of excellent teachers and 
scholars. 

Too many people seem to be thinking 
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about stereotyped drill through a subje¢ 
when they speak of “good teaching” 
The teacher may spend a lot of time get. 
ting up his preparation from a textbook 
and in grading problems, but unless he 
does special things to get the subject 
across, such as novel training aids, unique 
laboratory equipment for demonstrating 
basie principles, original special problens 
of the integrated type, individual prob. 
lems in design courses to arouse the crea. 
tive desire of students, considerable sup- 
plementing of textbook material with 
special notes, or a gift of inspiring peo 
ple, he still might not be too effective. 4 
typical case is the loyal, consciention 
worker, who without imagination, orig- 
inality, or contribution of his own, rel- 
giously follows some standard text from 
year to year in his course. 

Since the outward evidences betwee 
him who just drills his class and may be 
a poor teacher, and him who is reall 
good but does nothing professionally out- 
side of classes, are so elusive for positive 
identification of the real differences, w 
can have eases of stagnation, retrogre- 
sion, or plain inability in individuals thi 
might be hard to detect. The responsible 
administrators could have extreme difi- 
culty in really knowing which was th 
better teacher unless there were othe 
measurable characteristics to go by. The 
good teacher who is full of ideas, ani 
trying to develop as a teacher, must keep 
up with his profession. To do this 
must at least study the current technied 
literature. It seems a minimum outlet fo 
his thoughts and ideas would be writa 
discussions now and then on the pape 
of others. Just studying the work d 
others, and perhaps attending sociel} 
meetings, but never writing or sayilf 
anything, gives the impression that th 
individual has no ideas or originality 
If he has not, can he really be a gol 
teacher? Many excellent teachers # 
probably going undetected by their é 
partment heads or deans because they # 
hiding their light under a basket. 

A good department should perha 


have balar 
voted prit 
who have | 
ponderanee 
suffer lack 
ment may 
times, and 
members 
sional acti 
room work 
or prestige 
are good t 
head actua 
sional 
feres with 
be a big q 
good as tk 
treme can | 
tor and a 
off to have 
than the rey 
a departme 
in the dif 
mentioned | 
who just w 
The type 
sential to 
usually wo 
only withir 
only natur: 
want to gel 
sion, to his 
students. " 
speak now 
discussions 


paper hims 
some resear 
lets for the 
curricular” | 
a feed-back 
progressive, 
ally develop 
rectly a me 
they are th 
teaching eng 

After con 
matter for ; 
ing it down 
in attempts 
this writer d 
by any mea 


subject 
ching” 
me get- 
exthook 
he 
subject 
unique 
trating 
roblems 
1 prob- 
he erea- 
sup- 
ul with 
ng peo 
tive, A 
ientious 
n, orig: 
mn, reli- 
xt from 


between 
may be 
s really 
lly out- 
positive 
1ces, We 
trogres 


tals that 


ponsible 
ne difi- 
was the 
‘e other 
yy. The 
208, an 
ust keep 
this ke 
technical 
utlet fo 
-writta 
> paper 
work 
societ] 
sayill 
that th 
iginality 
a 
hers a 
their dé 
they at 
at. 
perhap 


EVALUATION OF ENGINEERING TEACHING ABILITY 


have balance between those who are de- 
voted primarily to teaching and those 
who have broader interests. With a pre- 
ponderance of either, its students may 
suffer lack of good teaching. A depart- 
ment may be dull, colorless, behind the 
times, and academically isolated if all its 
members engage in no worthwhile profes- 
sional activities outside of their class- 
room work. It will achieve no distinction 
or prestige even though all its members 
are good teachers. Where a department 
head actually discourages broad profes- 
sional growth because he feels it inter- 
feres with good teaching then there can 
be a big question if the teachers are as 
good as they might be. The other ex- 
treme can be bad too, but an administra- 
tor and a school would usually be better 
off to have to hold activities down a little 
than the reverse. To achieve real balance, 
a department must have some who engage 
in the different professional activities 
mentioned before, and then some perhaps 
who just want to teach. | 

The type of alert mind that seems es- 
sential to good engineering teaching 
usually would not be content to teach 
only within the classroom. It appears 


only natural that such a person would 


want to get his ideas out to his profes- 
sion, to his fellow teachers, as well as his 
students. To do this he would want to 
speak now and then at meetings, write 
discussions of other’s papers, write a 
paper himself on occasion, perhaps do 
some research or consulting. These out- 
lets for the fertile mind are not “extra- 
curricular” because most of them serve as 
a feed-back to keep the teacher more 
progressive, more alert, and profession- 
ally developing. While perhaps not di- 
rectly a measure of his teaching ability 
they are the necessary background for 
teaching engineering. 

After concentrating on this evaluation 
matter for several years now, then writ- 
ing it down with revision after revision 
i attempts to clarify thinking further, 
this writer does not feel he has the answer 
by any means. Like all matters having 
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to do with human behavior it is certainly 
not subject completely to mathematical 
interpretation. 

It seems clear, however, that the good 
teacher must continue to develop his 
professional background, and show some 
evidence of scholarship beyond his last 
degree. If he chooses to confine all evi- 
dences of his ability to the classroom 
alone then he will still be a difficult case 
to judge. Since we need something be- 
sides pure opinion, perhaps such items 
as initiative, interest in students, ability 
to express himself, considered student 
opinions, knowledge of subject matter, 
originality, enthusiasm, ability to work 
with others, devotion to duty, outside 
reading, development of training aids, 
supplementary class notes, creativeness, 
type of problems required, character, use 
of spare time, ete., would be helpful in 
evaluating such cases. It would be up to 
the department head to present as much 
concrete evidence as possible on any items 
used. Some, of course, can’t be judged 
objectively; others can. We still have 
human beings to deal with and must be 
just, fair, and unbiased. Administrators 
also have obligations to the students and 
the institution, however, and therefore 
need evidence to substantiate their own 
feelings of tolerance and charity toward 
their fellow men. 

The cases of those who want to push 
their teaching, scholarship, or technical 
ability out beyond the classroom for the 
benefit of the public, or other engineers 
and teachers, give evaluators a lot more 
to go by. The man who does essentially 
the same things in the classroom as the 
teaching isolationist, but who is also more 
active professionally, gives an administra- 
tor much more to get his teeth into in 
making an evaluation. It appears this 
latter case should be based on all the 
evidence available, including the same as 
suggested in the paragraph above. The 
extra items here might be such things 
as publications, society activities, re- 
search, consulting, public service, current 
industrial experience, prestige, ete. Per- 
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haps the man’s worth should be split into 
two parts—that in teaching, and that to 
the institution in other ways. If any of 
the new items introduced in this case can 
be shown to contribute to his teaching 
ability then they should be used there 
too. Most of these items are assessable 
both quantitatively and objectively for 
worthiness. 

Taking the two cases for comparison 
now—both are judged on their teaching 
ability on the same basis for all available 
evidence that honestly applies. In addi- 
tion the one is judged on his extra value 
to the institution. The individual’s re- 
ward would be the sum of the two results 
in one case, and only one in the other. 
A really superior teacher (who does noth- 
ing else) could very well have a total 
value greater than the man who did lots 
of things but whose teaching was poorer. 
However, for two judged about the same 
in teaching ability the more active man 
professionally would reap the greater 
reward. 

To make any system work it would be 
necessary that the dean assure himself 
that each department is presenting evi- 
dence on the same basis and in the same 
way. This in itself is extremely difficult, 
but if all administrators concerned hon- 
estly intend to be fair to the institution 
as a whole, then it must be done. If a 


system could be devised where points 
were assigned to each item it would be, 
great boon. However, the use of points 
for items is liable to become a trap be. 
cause of its apparent simplicity and ea 
of use, since points themselves may he, 
matter of one man’s opinion. A point 
system that is used only as a rough guik, 
the results of which are then tempered by 
the necessary subjective and human eon. 
siderations, may be a satisfactory answe 
if the proper items are used. 

The writer’s own present conclusion 
after all previous cogitation is that s 
method of considering items that can fi 
into two categories—teaching, and extra— 
with point values used as a rough guide, 
and not forgetting that all this concerns 
human beings and not machine parts, 
appears the best answer until someone 


proposes something better. Whatever the} 
system, all faculty should be aware of it} 


in a general way so individuals wouli 
know definitely on what they were judged. 

If such a scheme as proposed above 
was found worthy the details and metho 


‘ of application would be a matter for de. 


termination by each individual school 
because of the variations in organization, 
faculty characteristics, and items consit- 
ered important. 

Comments on this subject are invited. 
—EDITOR. 


Lee 
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What is Wrong with Surveying? 


By MICHAEL V. SMIRNOFF 


Lecturer, Department of Engineering, University of California, Los Angeles 


One frequently hears discussions among 
engineering educators about a proper 
place of surveying courses in modern en- 
gineering curricula. Interest in this sub- 
ject may be traced either to the over- 
crowded conditions of these curricula or 
to a questioning attitude as to the value 
of surveying courses in engineering edu- 
cation. Since engineering curricula vary 
considerably among engineering schools, 
it is necessary to point out that discussion 
in this paper pertains chiefly to the first 
semester surveying course. It is further 
assumed that this course in elementary 
surveying is required of-all engineering 
students. 

When the American Society of Civil 
Engineers was organized over one hun- 
dred years ago, the name Civil Engineer 
was used to imply a distinction from the 
Military Engineer. A civil engineer in 
those days could hardly be imagined in 
any other but outdoor surroundings— 
manipulating some tools and instruments 
that were supposed to determine certain 
lines on the ground delineating states, 
counties and townships, fixing property 
lines, locating railroads, ete. A civil en- 
gineer was then either a surveyor or a 
construction man, to whom the chain, the 
transit and the level were indispensable 
tools in his work. Long years of appren- 
ticeship were required to acquire the 


| magic skill necessary for the successful 


operation of these tools. 
When engineering curricula in colleges 
began to take a definite shape, it was 


natural that surveying courses assumed 
a place of importance among other sub- 
| jects to be taught in those schools. One 


¢an even wonder what an engineering 
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student of those days could have been 
taught beside surveying. Concrete was 
unknown, metallurgy was primitive, elec- 
tricity undiscovered, properties of ma- 
terials, stress analysis and other promi- 
nent engineering interests of today existed 
in those days only through rules, apply- 
ing to construction the knowledge ac- 
quired through intuition and earlier ex- 
perience. Occasionally, ignorance or a 
mere accident produced something which 
was better than the expected result. The 
new procedures were then carefully noted 
and were regarded as the new standards 
of perfection. Everything was learned, 
more or less, as a trade. It took a long 
time for scientific experimental and theo- 
retical approach to replace the old method 
of learning. However, the current meth- 
ods of teaching surveying have not fully 
made the transition to modern methods. 
Surveying is continued to be taught as a 
trade course. 

One immediate reaction to this situation 
may be that surveying is a sort of a trade, 
and as such should be taught in trade 
schools and be thrown out of engineering 
curricula. However, this position would 
be hard to defend. Engineers certainly 
would not want to call a surveyor every 
time they need to measure a distance, 
angle or elevation, as they would call a 
plumber to repair a bathroom fixture. 
Besides, if they had to do that, they would 
soon discover that wherever a measure- 
ment is concerned they themselves would 
have a lot to say about it since much in 
the engineering profession is done through 
measurements and depends on measure- 
ments. 

The word surveying, according to Web- 
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ster, is “that branch of applied mathe- 
matics which teaches the art of determin- 
ing the area of any portion of the earth’s 
surface, the lengths and directions of the 
bounding lines, the contour of the sur- 
face, etc... .” Many people require just 
that to be done. Such business employs 
many surveyors who have never gone to 
a college and who have learned the trade 
in apprentice-like fashion. This proves 
only the fact that there is a place for 
surveying in subprofessional schools. A 
college graduate is not likely to go into 
that business unless his professional field 
gets awfully crowded. On the other hand 
a college graduate is likely to meet many 
situations in which he would be required 
to pass a sound judgment on the methods 
and instruments to be used in measure- 
ments. 

The writer recalls witnessing construc- 
tion of a through truss bridge having a 
140 ft. span. The distances, center to 
center of pedestals bolted to the top of 
piers, were supposed to match the length 
of trusses which were assembled on the 
ground. The man doing the measure- 
ments for the contractor was not a col- 
lege graduate but had a good training in 
field measurements. He made the meas- 
urements satisfactorily but he never was 
sure enough that his measurements were 
sufficiently correct. It never occurred to 
him that if the allowable error in meas- 
uring a span length were about one inch, 
the required precision ratio in measuring 
140 feet would be about 1/1700, and that 
such precision could have been achieved 
by him with about one third of the ac- 
curacy that he would exercise under ordi- 
nary conditions. It is in the assignment 
of precision ratios and in the determina- 
tion of the proper means for attaining 
them in actual measurements that the skill 
and trained judgment of the engineer is 
required. 

The interchangeability of large parts 
of machinery and structures presents an- 
other example where good engineering 
judgment in measurements may be ex- 
tremely important. The difficulties en- 
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countered in such cases mount rapidly 
with larger dimensions. Various optical 
instruments are now being designed anj 
used in measurements where close toler. 
ances are required. 


General Principles of Measurements 


A surveyor may do his ordinary lanj 
surveying work quite satisfactorily with 
an old transit and the like, but an engi. 
neer may be expected to know many 
other available methods of measurement 
as well as the degree of reliability tha 
can be expected from each method ani 
instrument. If his work deals with mea. 
urements, the engineer must be ready t) 
answer questions about how close var- 
ous parts or lines or angles must be meas. 


ured and what may be wrong with 1) 
method, an instrument or a procedur| 
It may be expected that a good deal of} 


information about the general principle 
of measurements should be acquired by 
engineering students in a course involvin 
surveying. 

The course in elementary surveyix 
normally starts with explaining how t 
measure distances with a steel tape ani 
how to apply corrections due to incorret 
length of tape and variations in temper: 
ture, tension, sag and slope. A chapte 
in taping thus offers a unique demonstri- 
tion as to how all systematic errors affed 
measurements. Derivation of formula 
pertaining to corrections for these syt 


tematic errors involves the use of cor} 


verging series, coefficient of thermal & 
pansion of steel, unit stress, unit strail 
unit weight and the moment of fores 
However, a quick glance through survey 
ing texts reveals that many texts in ee 
mentary surveying do not even show tt 
derivations of all those formulas. Tht 
a student is obviously expected to “plu 
in” certain values in a formula and com 
out with the answer. In his next eng 
neering course, however, he is likely #! 
be admonished never to use a forml 
blindly. 

The method of measuring distane 
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with a subtense bar * and an one-second 
theodolite eliminates the tape and cor- 
rections due to systematic errors, but it 
requires understanding of the theory of 
accidental probable errors. Although 
this particular method of measuring dis- 
tances is not suitable for the first semes- 
ter students, there are many ordinary 
rules and operations in plane surveying 
which are based on the theory of acci- 
dental probable errors. Since very little 
about these errors can be found in most 
texts on elementary surveying, it is cus- 
tomary to learn certain rules and opera- 
tions without understanding the reasons 
underlying them. This method of learn- 
ing brings inevitably that atmosphere of 
a “trade course” which was mentioned 
above. 

After taping, the instruction usually 
passes to differential leveling with a 
dumpy level and a Philadelphia leveling 
rod. This method of determining differ- 
ence in elevations follows a standard pro- 
cedure which is taught. and practiced 
throughout the country and meets the 
requirements for ordinary surveying 
work. There are at present time other 
levels some of which can do better and 
faster work. There is also on the market 
a self reading tape-rod which reduces the 
notekeeping to two columns, one for sta- 
tions and one for elevations. The rod 
has its limitations but it is a wonder tool 
for certain types of work. A midwestern 
surveyor who used this rod for many 
years, mailed a questionnaire to some 50 
colleges and universities asking for com- 
ments on the rod. According to his re- 
port, the answers can be approximately 
grouped into the following three cate- 
gories : 


1. Not familiar with it. 20 replies 
2. Do not teach its use. 20 replies 
3. Mention or teach its use. 10 replies 


Three reasons may be expected to be 
advanced to show why college instructions 


*See writer’s article on ‘‘The Use of 
Subtense Bar,’’ Surveying and Mapping, 
Oct.—Dee., 1952. 
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in surveying must adhere to old standard 
methods and equipment. a) The old 
standard equipment can do surveying 
work of ordinary precision satisfactorily. 
b) Replacements are costly. ¢) Anyone 
who has learned how to operate the old 
instruments should not have any trouble 
with newer equipment. 

These arguments tend to keep survey- 
ing instructions at a trade level and quite 
stationary at that. But there is no need 
to keep them at that level. First of all 
the students must be taught all the theory 
involved in measurements and applicable 
to other measurements as well as to sur- 
veying. Second, newer methods and 
equipment need only be used for demon- 
stration and explanation of what can be 
achieved with them. Third, the acquisi- 
tion of skills in operating surveying in- 
struments should no longer be regarded 
as the primary reason for doing the first 
semester exercises, especially if they are 
given to all engineering students. 

The dumpy level is usually followed in 
instruction by a transit; that good old 
American transit which is so familiar to 
engineers. It weighs about a “ton” and 
never fits into its own box. This instru- 
ment, which would have delighted Ferdi- 
nand Hassler, has only one thing wrong 
with it. Like the level, it does surveying 
work satisfactorily. One can see nowa- 
days many transits of foreign manufac- 
ture which, due to cheaper production, 
find wide distribution. These are optical 
theodolites. A one-second optical theo- 
dolite is comparable in weight to a stand- 
ard American transit. It can do first 
order surveying work and can be used 
with a subtense bar for measuring dis- 
tances. This instrument should also find 
many uses in industry. These optical 
theodolites are fine instruments, worthy 
of any engineer. The writer has spent 
one delightful summer working with them. 

The outline of the main topics in the 
rest of the elementary surveying course 
should include the stadia method, com- 
putation of areas by various methods and 
public land surveys. The derivation of 
formulas for the stadia method and the 
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areas give just as good application of be made practically equally usefy! 
algebra, geometry and trigonometry to to all engineering students. | 
practical problems as can be found in any should include the fundamentals per. 
lower division engineering courses. It taining to any measurements an( 
may not be fully realized how much an applicable in any field. 

entering freshman can learn in a course d. Surveying measurements are par 
like elementary surveying. It may be ticularly suitable for demonstration 
made most helpful and useful, prepara- of principles of measurements ani 
tory for a further sequence of courses in should be used to accomplish thit 


aim. The surveying part will they 


engineering. 
. take care of itself automatically ani 
Conclusions in a more enlightened fashion. 
In a summary the following conclusions e. If surveying is one of the first en. 
can be made: gineering courses on students’ study 


program, it must inelude all disc. 
plines pertaining to engineering. In 
fact it must demonstrate the engi- 
neering method and approach. 


a. Surveying has remained for too long 
sedentary and on too low a plane. 
With newer and better equipment 
and a wider scope of application it 
could be revitalized and made more Although the discussion presented here 
useful and interesting. had in view only the first semester survey- 

b. It is more important to teach future ing course, some changes may be deemel 
engineers what methods and equip- welcome in other surveying courses. Ib 
ment can be used to accomplish cer- the opinion of the writer they should bk 
tain results than to teach what re- revised with a view of giving priority ti 
sults can be accomplished with old newer methods and better technique 
standard equipment. Among these, for instance, the emerging 

ec. Since all engineers use measure- science of photogrammetry should fini 
ments, a course in surveying could its proper place. 
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Mechanics Conference* 


istration 


nts. ani The Objective of Instruction in Undergraduate 


ish that 


rill then Mechanics in Physics and Engineering 


ally and 
ne The conference found, after a careful 
first «1 | analysis of the statements of the objec- 
S’ study | tives of undergraduate instruction in both 
Il disci physies and engineering, that the objec- 
ing. In| tives are not competitive in scope but ac- 
he engi: | tually complementary when the courses 
ch. are properly planned and taught. It 
ted her | cannot be over-emphasized that the in- 
- survey: struction by physicists will provide the 
deemej | engineering student with an understand- 
ses, jy} ig of physical phenomena basic to much 
rould by | of his later studies. On the other hand, 
the objective of instruction in mechanics 
hniques by engineers is to achieve professional 
merging | Competence in the practical solution of 
ald fini | Problems encountered in engineering. 

We conclude, therefore, that there is an 
essential difference in the approaches to 
mechanies by the physicist and the engi- 
neer. There is a place and, indeed, a need 
for both of these approaches to the teach- 
ing of mechanics. The different objec- 
tives should continually be recognized 
and used as guides in planning courses. 


iority to 


Objectives of Physics Instruction in 
Mechanics 


The primary objective of physics in- 
struction in an engineering or scientific 
curriculum is to provide the student with 
/an understanding of the physical prin- 
_ ciples that deseribe nature, of how these 
‘principles have evolved, and of their 
seope and limitations. Such an under- 
taking must begin with the study of New- 
tonian mechanics. Great emphasis should 
be placed on the conservation principles. 
The generalization of these principles 


“ae at New York University, February, 


along with associated concepts has formed 
the basis for modern physics, including 
such special branches as atomie and nu- 
clear physics and the physics of the solid 
state. With this approach, it is neither 
practical nor desirable in the physics 
course to devote attention to the develop- 
ment of facility in detailed application of 
physical laws to practical problems en- 
countered in engineering practice. Stimu- 
lating problems should be selected with a 
view to illustrating physical principles, 
and it is essential that they be accom- 
panied by a challenging laboratory ex- 
perience. These courses, approached in 
this manner, should provide an adequate 
base for the student’s continued scientific 
growth. 

In order that the study of Newtonian 
mechanics be effective in setting the stage 
for a proper understanding of the con- 
cepts and methods of modern physics, it 
must be recognized that a significant dif- 
ference exists between the older physics 
and much of modern physics. In mod- 
ern physics a large amount of theory is 
often interposed between observations and 
the conclusions based on them. Neverthe- 
less, the pedagogical approach in which 
macroscopic observations are used di- 
rectly as a guide in building theory must 
first be employed, as it can in mechanics; 
the student must later be led to the pres- 
ent day methods of inferring conclusions 
regarding phenomena not directly ob- 
servable. These methods are in fact used 
in kinetic theory, optics, and electricity, 
as well as in many topics of modern 
physies. 

To achieve this goal, the role of con- 
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servation laws in mechanics and electricity 
ean hardly be over-emphasized. The 
study of mechanics should also include 
the dynamics of systems of particles, 
wave propagation, standing wave sys- 
tems, ete. Valuable for later work in 
modern physies will be the study of reso- 
nant systems, such as the mechanical har- 
monie oscillator, accompanied by demon- 
strations or discussions of similar resonant 
systems in electricity, nuclear-magnetic 
resonance, and examples from acoustics 
and optics. It is in this spirit that in- 
struction in mechanics makes a significant 
contribution toward the understanding of 
phenomena in atomic, nuclear and solid 
state physics. 


Objectives of Instruction in Mechanics by 
the Engineer 


The prime objective of instruction in 
engineering mechanics is to provide the 
student with a useful understanding of 
the methods and principles needed to de- 


sign and predict the performance of real , 


engineering systems and structures. The 
preparation of engineers for creative de- 
sign should be kept always in mind. 
Creative design requires as much in- 
genuity, imagination, and resourcefulness 
in the application of physical laws and 
principles and making them useful to 
man as is required in the original formu- 
lation of them. 

In order to solve real problems of the 
great variety and number that are pre- 
sented to the engineer, it is necessary that 
he become proficient in a _ systematic 
method of problem solution. Conse- 
quently, instruction in methodology is an 
essential part of engineering mechanics. 
Instruction must include ample emphasis 
on the following operations which are 
basic to engineering analysis. 

The student must learn to identify the 
essential elements and characteristics of 
each specific engineering problem. Is it, 
for example, one involving statics or dy- 
namics, rigid or deformable bodies, a con- 
servative or a dissipative system? He 
must be able to select relevant informa- 
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tion and data and recognize those whic 
are not pertinent. In doing this an ideg| 
model must be created and the problen 
made amenable to solution. The result 
based on the idealized model must next bp 
interpreted in the light of the original ra 
situation. The engineer must form ; 
judgment of the extent to which he en 
rely on the results obtained on the idey| 
model, and finally he must be able to con. 
munieate this to others in suitable ani 
usable form. 

The engineer must devote major en. 
phasis to the formulation and evaluation 
of his problem quite apart from the 
necessary analysis. Instruction given the 
engineering student should reflect thi 
fact. 


It is in this spirit that the instruction} 


in engineering mechanics assumes a sig. 
nificant role as a springboard to a truly 
professional attitude and approach to all 
engineering situations. 


Objectives of Instruction in Solid Stat 
Physics 


Before considering the place, if am,| 


of solid state and nuclear physics in a 
gineering curricula, it is desirable to cor- 
sider the activities of physicists in thes 
respective fields. In nuclear physics, the 
physicist is concerned with the quantits 
tive behavior and structure of nuclei, the 
nature of forces involved between nuclea 
particles, and the interaction betwee 
nuclei and radiation. In solid state phys 


ies the physicist is seeking to develop a) 


understanding of the properties of soli 
on the basis of their atomic constitution 

To take part in the current activities i 
either of these field requires a backgroum! 
and a working knowledge of quantum m+ 
chanies as well as of the general prine: 


ples and conservation laws of classi) 


mechanics and electrodynamics. Sud 


knowledge can be obtained only throug! 
several years of study, generally inclu 
ing graduate work. This conference } 
convinced that there is no short-cut bj 
which this knowledge can be given W 
undergraduate engineering students bj 
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means of a one or two-semester course in 
modern physics. 

On the other hand, an introductory 
course of one or two semesters’ duration 
covering some of the topics mentioned 
above could be given following the gen- 
eral physics course. Such a course should 
broader the training of the undergrad- 
uate engineer. 

It is the conviction of this conference 
that the time should not be taken from 
that now devoted to an understanding of 
the fundamental principles of mechanics, 
which should be required of all engineers. 
Instead, the conference recommends that 
the basic physics course be strengthened 
by greater emphasis on fundamental 
classical principles and conservation laws, 
and by an introduction to wave and quan- 
tum concepts. Inclusion of these topics 
is an essential introduction to the later 
study of solid state or nuclear physics. It 
is also recommended that as far as possi- 
ble, such particles as electrons, protons 
and neutrons be used in the elementary 
physies course to illustrate general dy- 
In the ease of exist- 
ing two-year physics courses, it is the 
belief of the conference that some con- 
cepts of modern physics can be intro- 
duced without requiring additional time. 
In the use of one-year physics courses, an 
extension of time of at least a semester 


is recommended. 


Mathematics Instruction as Related to 
Mechanics 


It is urged that the concepts of calculus 
be introduced in engineering curricula as 
soon as possible, preferably in the fresh- 
man year, and used in physics and engi- 
neering as soon as feasible. 


Conclusion 


In comparing the different objectives 
and points of view of instruction in me- 
chanies by physicists and engineers, it 
should be emphasized that the physicist 
uses problems and examples from experi- 
mental physies essentially for the purpose 
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of developing by the inductive method 
those concepts and principles which it is 
his objective to have the student under- 
stand. The engineer, on the other hand, 
uses certain concepts and principles for 
the purpose of achieving the solution of 
practical engineering problems. This dis- 
tinetion should determine in a major way 
the essentially different character of illus- 
trative material used in each area. 

If instruction in physics and engineer- 
ing mechanics follows the objectives out- 
lined, it appears that, although some du- 
plication of content is inevitable and even 
desirable, the real duplication in terms of 
influence on the engineering student will 
be negligible. On the other hand, if in- 
struction in physics follows in any major 
way the direction of application to engi- 
neering situations, or if instruction in 
engineering mechanics fails to emphasize 
the professional engineering approach, 
then this duplication will result in a seri- 
ous waste of time. 

Consequently, it is evident that the 
preservation of the two different but mu- 
tually supporting points of view of the 
physicist and the engineer is a necessary 
condition for maintaining the progres- 
sive program of engineering education, 
which in these critical days is of vital 
interest to the entire nation. 

Finally, the conference recognizes that 
progress occurs through continuing ex- 
perimentation, and therefore recommends 
that such an attitude be encouraged in 
the teaching and the curricular arrange- 
ments of physics and engineering me- 
chanics. 

The participants in the conference 
were: 


Dean J. W. Buchta, University of Min- 
nesota 

Prof. J. W. Cell, North Carolina State 
College 

Prof. P. F. Chenea, Purdue University 

Prof. W. L. Collins, University of Illinois 

Prof. J. P. Den Hartog, Massachusetts 
Institute of Technology 

Dean H. Fletcher, Brigham Young Uni- 
versity 
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Prof. N. Frank, Massachusetts Institute Prof. D. H. Pletta, Virginia Polytechnic 


of Technology Institute 

Dean L. E. Grinter, University of Florida Prof. J. J. Potter, Texas A. and M. 

Dr. G. H. Hickox, National Science Prof. J. A. Sauer, Pennsylvania State Re 
Foundation University 

Dean E. Hutchisson, Case Institute of Dr. Raymond Seeger, National Sciene i 
Technology Foundation 


Dean R. B. Lindsay, Brown University Prof. F. L. Singer, New York University 
Prof. J. L. Meriam, University of Cali- Prof. I. S. Sokolnikoff, University of A joint « 
fornia Calif. at Los Angeles gineering | 
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Report of Conference on Electricity and 
Magnetism in Engineering Education 


A joint conference of the Electrical En- 
gineering and Physies Divisions of A.S. 
E.E. has been agreed upon for the 1955 
annual meeting Tuesday afternoon, June 
21. The chairmen of the respective di- 
visions, Professor J. N. Thurston, Head 
of the Department of Electrical Engi- 
neering at The Clemson Agricultural 
College, and Dr. R. J. Seeger, Acting 
Assistant Director for Mathematical, 
Physical, and Engineering Sciences of the 
National Science Foundation, envisioned 
the desirability of an invitational closed 
working conference to do the ground 
work for a constructive and informative 
program for the annual meeting. Dean 
L. V. Bewley, of the College of Engi- 
neering of Lehigh University, offered to 
organize such a working conference and 
was appointed chairman of a steering 
committee and chairman of the confer- 
ence. The National Science Foundation 
agreed to sponsor the conference with 
the Executive Committee of A.S.E.E. and 
to defray the expenses of the conference. 

Thirty-four electrical engineers and 
physicists met at Lehigh University 
February 7, 8, and 9, 1955, to discuss 


gineering and physics departments for 


undergraduates in electrical engineering 


and other engineering in view of the 
changing demands on engineering educa- 


current mathematical instruction was also 
considered. The deliberations of the con- 


ference led to the assignment of various 


committees to formulate the collective 
attitudes of the conference in reports 


' which were then revised and adopted by 
_ the conference. 
_ Were adopted without dissent, with the 


The following reports 
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single exception that one dissenter wished 
to go on record on one of the reports. 


Objectives of Teaching Electricity and 
Magnetism in Engineering 
Education 


The objectives of teaching Electricity 
and Magnetism in Engineering Education 
are: 


(1) to teach fundamental principles 
from an overall scientific point of 
view, including their relationships 
to other types of physical phe- 
nomena, and 

to teach the application of these 
principles to the solution of engi- 
neering problems, including their 
relationships to other types of en- 
gineering. 


(2 


~— 


Conceivably this might be done in a 
single department, but (1) is primarily 
in the province of physics and (2) is 
primarily in the province of engineering: 
hence complementary courses in these 
areas are highly desirable. In any case, 
it is evident that close and continued co- 
operation between the local physics and 
engineering departments is necessary for 
the successful attainment of these objec- 
tives. 


Mathematics in the Basic Physics Courses 


It is believed by this Conference that it 
is both possible and desirable for the 
fundamental concepts of the caleulus— 
the derivative and the integral—to be in- 
troduced at an early stage in the cur- 
ricula of engineering students. This in- 
troduction can be made simultaneously 
in physics and mathematics, thus re-en- 
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forcing the learning process. In this way 
the student should gain a deeper under- 
standing of both mathematical and physi- 
cal concepts. Calculus methods should 
then be used in increasing measure in suc- 
ceeding portions of the basic physics 
courses. 

If local conditions make it impossible 
for the department of mathematics to in- 
troduce the calculus concurrently with, or 
before, the first course in physics, it is 
recommended that certain concepts of the 
calculus be introduced in this physics 
course. It is suggested that this introduc- 
tion be limited to conceptual matters, that 
is that it not be extended to include the 
derivation of a formal table of derivatives 
or integrals as this should be left for the 
appropriate course in mathematics. 

The Conference further recommends 
that at least part of the basic physics 
courses—preferably electricity and mag- 
netism—be taught with the calculus as a 
firm prerequisite. 

As much of the mathematics as possible 
should be left in the hands of the pro- 
fessional mathematics teachers. In any 
event, the first two years of the mathema- 
ties courses should be so taught. 

It is recognized that a major cause of 
difficulty and failure on the part of stu- 
dents in the beginning physics courses is 
the inadequate preparation which many 
of them have in high school mathematics. 
It is recommended that prerequisites in 
mathematics for engineering students be 
strengthened so that a minimum basis for 
admission into the freshman year will 
be adequate mathematical preparation 
through trigonometry. 


Electricity and Magnetism in Elementary 
Physics for Engineers 


It is recognized that the practice of en- 
gineering has come to require more and 
more complete knowledge of the basic 
laws and discoveries of pure science. 
Obviously then the importance of the 
basic training in the elements of the field 
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of physics as a prerequisite to the pm. 
fessional training of engineers has jp. 
creased likewise. 

It is also recognized that many of to. 
day’s methods in the technological ap. 
plication of the fundamental laws anj 
facts may soon be obsolete. In othe 
words, the specific nature of the engi. 
neering devices changes rapidly wheres 
the fundamental laws on the basis of 
which such devices were designed ar 
timeless. 

In recognition of this situation with r. 
spect to the enduring value of an under. 
standing of basic principles, as distin. 
guished from the temporary value of 
knowing the technical details of today’s 
application, it is recommended that th 
general course in elementary physics for 


all engineering students be so given as to | 


instill (1) a thorough understanding o 
the basic laws and principles, (2) the 
viewpoints found most useful in analyz 
ing representative physical situations and 
(3) the application of the mathematic 
skills including integral calculus and ek. 
mentary linear differential equations. 
To this end the following outline sug. 
gests highpoints of the portion of a ger- 
eral course in physics that should be de 
voted to the study of Electricity ani 
Magnetism. This course is visualized # 
approximately the sophomore level. 
The outline is neither to specify the de 
tails nor the extent of the content, bil 
is for the purpose of illustrating the view 


point that is recommended in emphasirh 


ing the fundamental laws and illustratiy 
their implications by examples, in such! 
way, and of such a sort, as to devela 
the student’s ability to think leary 
about these laws and to make effectiv 
use of the mathematical skills that at 
available to him for aid in such thinkiy 
In this viewpoint, except for the laws atl 
some of the basic characteristics of mat 
ter, the facts are of secondary important 
in relation to the ability to reason effee 
tively concerning the implications of su 
facts. 
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Outline of Highlights in Electricity 


A brief resumé with respect to our 
current model of the electrical structure 
of matter. 

Coulomb’s Law, the concept of an 
electric field and the use of Faraday’s 
electric flux concept particularly as ex- 
pressed by the integral form of Gauss’ 
Law. These expressions to be used in 
vector form along with the evaluation of 
the magnitudes in illustrative problems. 

Illustrative problems, in general re- 
stricted to points, planes, spheres, and 
infinite cylinders. 

The concept of a scaler potential, the 
conservative field, and the relation of the 
potential gradient to the previously de- 
fined electric field vector. In the intro- 
duction of the idea of potential and its 
relation to energy, it is believed feasible 
to introduce the utility of the vector dot- 
product in connection with the line-in- 
tegral that expresses the potential differ- 
ence between two points in an electric 
field. The elementary - properties of 
idealized isotropic dielectrics and their 
effect on the potential difference between 
charged conductors in the simple ar- 


vf a ger rangements represented by parallel plate, 


concentric spherical and concentric cylin- 
drical capacitors. 

The concept of an electric current, 
“free” electrons and the conductivity of 
metals, with the introduction of the con- 
cept of conductivity in connection with 
current density and electric field inten- 


We sity, as well as the resistance of wires 


and other simple conductors, and the as- 
sumption of Ohm’s Law. 

Joule’s Law, the concept of e.m.f., and 
the idea of the transformation of energy 
from some other form into electrical in a 
source of e.m.f. Then consideration of 
the energy stored in a capacitor, not only 
in terms of its charge and potential dif- 
ference, but also in terms of energy per 
unit volume of its electric field. 

Kirchhoff’s rules, as basic concepts, 
rather than as techniques for the solu- 
tion of networks. Such circuits as the 
potentiometer and the Wheatstone bridge 


as illustrations for the application of the 
ideas represented by Kirchhoff’s rules. 

The magnetic field, as a consequence 
or manifestation of the motion of electric 
charges in general. Ampere’s Law as the 
basic statement (preferably in the form 
of the vector cross-product) of the mag- 
nitude and direction of the magnetic field 
related to moving charges as individual 
entities and as an electric current. 

The magnetic field, in terms of the 
force on a charge moving therein (the 
Lorentz force) and likewise in terms of 
the force on a current carrying conductor 
in the magnetic field. Illustrative ex- 
amples and problems from a variety of 
devices with the emphasis always on the 
fundamental laws rather than the utility 
or detailed operating characteristics of 
the devices. 

Induced e.m.f., “motional” from the 
standpoint of the Lorentz force, as well 
as the more general situation expressed 
by Faraday’s Law. The property of in- 
ductance as a consequence of Faraday’s 
Law. 

The general properties of idealized 
magnetic materials and some of the quali- 
tative aspects of ferromagnetism, mostly 
as illustrated by the hysteresis loop. 
Ampere’s circuital relation as a line in- 
tegral embracing the magnetizing current 
in such simple cases as the toroid with 
and without an air-gap. In this connec- 
tion, once again the concept of stored 
energy, this time in the magnetic field. 

Simple circuits with inductance, ca- 
pacitance, and resistance, and the sim- 
plest relationships in alternating currents. 


Essential Points Concerning Upper 
Division Courses 


Upper-Division courses should be based 
on, emphasize, and re-emphasize the 
physical principles of electricity and mag- 
netism introduced in lower division work. 
Additively, the perimeter of mathematical 
knowledge and the appreciation of its 
value in electrical engineering should be 
expanded as demanded by: (i) those por- 
tions of the developing domain of physi- 


| 
| 
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cal science, which must be incorporated 
into a viable engineering curriculum, and 
(ii) the engineering applications thereof. 

This desired expansion of mathematical 
knowledge could be given in a single sys- 
tematic mathematical course or by inclu- 
sion in engineering courses as dictated by 
local conditions. Thus, Fourier series 
could be developed as needed for solution 
of periodic nonsinusoidal circuit prob- 
lems, Laplace and Fourier transforms as 
needed for the solution of transient prob- 
lems, conformal mapping as needed for 
static electric and magnetic field prob- 
lems, vector analysis as needed for elec- 
tromagnetic field theory; ete. 

Work in upper-division electromagnetic 
theory ought to be expanded to include 
study of phenomena associated with other 
than strictly linear isotropic media to 
which current instruction is generally 
limited. In such connection it is desira- 
ble to include in the engineering curricu- 
lum a core content of the physics of mat- 
ter from the modern point of view. This 
gives rise to the requirement for a book 


on solid state physics specifically directed ' 


to the needs and professional interests of 
the engineer. 


Modern Physics and Properties of Matter 


Physies seeks to understand nature; en- 
gineering seeks to utilize nature. How- 
ever, in order to utilize nature properly 
one must also understand nature. Prior 
to about 1900, the electrical engineer was 
limited in his efforts to understand and 
control nature by the fact that the treat- 
ment of electric and magnetic phe- 
nomena had not advanced beyond the 
stage of the macroscopic methods of Max- 
well. Since 1900 the development of 
modern physics including quantum theory, 
the theory of the solid state, nuclear 
physics and high energy physics, has pro- 
vided a much broader base for the con- 
sideration of these phenomena. This new 
knowledge, in combination with the classi- 
eal principles of electromagnetic theory, 
has permitted the engineer to create the 
new devices and components which have 


made possible recent developments jp 
communication and automation. Thus th 
engineering student today must have » 
understanding of this new knowledge 
the properties of matter, in order that 
he may contribute creatively to the tech. 
nology of tomorrow and in order that ly 
may improve the operation of present 
day devices by extending their frequeng 
of operation, increasing their reliability, 
and providing for further miniaturin. 
tion. 

It is recommended, therefore, that in 
order to meet a real need brought about 
by developments of the last 50 years ani 
to anticipate the developments of the next 
50 years, the salient points of modem 
physics should be presented in a cours 
to electrical engineering students as early 
as possible in their curriculum. It is ke. 
lieved by the committee that this cours 
ean be the same for all engineers ani 
should be offered in addition to a cours 
in general physics. The course content 
recommended in the report of the close 
conference on nuclear physics in engi- 
neering education meets with the approvil 
of this committee. This is as follows: 


a. Atomic Structure of Matter 
Kinetic Theory 

b. Fundamental Particles 

e. Quantum Theory of Light 

d. Atomic Structure 


1 Energy Levels 
2 Spectroscopy 
3 Periodie System 
e. X-Rays 
f. Wave Nature of Matter 
One dimensional wave equation 
g. Atomic Nucleus 
h. Molecular Structure 
Valence Bonds 
i. Nuclear Structure—Elements, ise} 
topes, elementary particles 
j. Binding Forces 
k. Binding Energy Curve 
1 Mass-Energy Curve 
2 Radioactivity 
3 Nuclear Reactions 
4 Fission, Fusion 
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]. Neutron Chain Reaction 
1 Heat—Power 
2 Radiation—Interaction with mat- 
ter 
Radioisotopes 
Breeding 
3 Fission Products 


It is further recommended that a course 
in the physical properties of matter 
should be available for election by elec- 
trieal engineering students and that this 
course should present a phenomenological 
basis for understanding the characteris- 
ties of materials used in electrical engi- 
neering. Such a course might include the 
topics suggested by the Allerton Confer- 
ence on Solid State Physics in Engineer- 
ing, namely : 

Crystal Structure 

Binding Forces and Crystal Types 

Mechanical and Thermal Properties 

Electrical Conductivity 

(a) Metals 
(b) Semiconductors. 
(ce) Salts 

Dielectric Properties 

Magnetic Properties 

Surface Effects 

Prosphors and Photoconductivity 


Modern Applications in Traditional 
Engineering Courses 


In addition to strengthening the scien- 
tifie foundation of engineering by the in- 
clusion of “Modern” physics courses, it 
is important to point out applications in 


| modern physics by illustrative material 


and problems introduced into pertinent 
existing courses in each of the conven- 
tional branches of engineering. This 


_ would include problems posed by the 


newer industries within the conventional 


engineering disciplines and the newer 


techniques which can now be applied in 
older industries. 
As an illustration of the applications 


_ of nuclear physics in the field of elec- 
_ trical engineering, instrumentation stud- 


ies may be considered. These should in- 
clude the detection of the various nuclear 


radiations over a wide range of intensi- 
ties, and as a part of the control system 
of a nuclear power reactor. This be- 
comes a good example of a servomecha- 
nism. The radioactive thickness guage is 
a corresponding example of how a new 
technique can be applied as a process con- 
trol in the older paper industry. 


Need for Experimentation in Curricula 


This conference, recognizing the many 
pressures for change in Electrical Engi- 
neering curricula, makes explicit its wish 
that no action taken by it shall be inter- 
preted as discouraging experimentation by 
the universities in altering the content of 
courses, or in changing the location of 
courses within departments. 


Cooperation to Meet Local Situations 


The conference recognizes that the 
jurisdictions for the various functions im- 
plied in its recommendations must vary 
from one institution to another as in- 
dicated by local conditions. It strongly 
urges sustained contacts between the de- 
partments of physics and electrical engi- 
neering in each institution by such means 
as frequent conferences and exchanges of 
teachers and personnel on research proj- 
ects. The understanding gained by such 
contacts should make it possible for facul- 
ties to develop optimum engineering pro- 
grams with their local facilities. 


Conference Members 


L. V. Bewley, Lehigh University; W. 
B. Boast, Iowa State College; J. C. 
Boyce, Argonne National Laboratory; J. 
G. Brainerd, University of Pennsylvania; 
T. B. Brown, George Washington Univer- 
sity; H. E. Hartig, University of Minne- 
sota; V. P. Hessler, University of Illi- 
nois; G. H. Hickox, National Science 
Foundation; T. J. Higgins, University of 
Wisconsin; C. L. Hogan, Harvard Uni- 
versity; J. H. Howey, Georgia Institute 
of Technology; V. A. Johnson, Purdue 
University; E. C. Jordan, University of 
Illinois; J. J. Karakash, Lehigh Univer- 


nts, 
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sity; J. H. Lampe, North Carolina State 
College; W. A. Lewis, Illinois Institute 
of Technology; D. P. Mitchell, Columbia 
University; F. E. Myers, Lehigh Univer- 
sity; A. O. Nier, University of Minne- 
sota; L. O. Olsen, Case Institute of Tech- 
nology; H. A. Peterson, University of 
Wisconsin; J. G. Potter, Agricultural 
and Mechanical College of Texas; E. 
Rogers, University of Alabama; E. R. 
Schatz, Carnegie Institute of Technology; 
W. M. Schwarz, Union College; R. J. 


Seeger, National Science Foundation; 
Semat, City College of New York; J. ¥, 
Thurston, Clemson Agriculture College: 
J. H. Van Vleck, Harvard University; 
H. W. Welch, Jr., University of Michi. 
gan; M. W. White, Pennsylvania State 
University; D. Williams, Ohio State Uni. 
versity; J. Zaborszky, Missouri School of 
Mines and Metallurgy. 


Conference Co-Secretaries, 
J. G. Porrm 
L. O. 


Thermodynamics in Engineering Education 
Conference 


The Pennsylvania State University 
June 27, 28, 29, 1955 


A conference for thermodynamics 
teachers concerning certain aspects of 
thermodynamics, which are having an im- 
pact on engineering and engineering edu- 
cation, will follow the American Society 
for Engineering Education annual meet- 
ing at The Pennsylvania State Univer- 
sity. Sponsored by the National Science 
Foundation and the American Society for 
Engineering Education, this conference 
continues the study of basic sciences in 
engineering. The program will include 
the following subjects: 


1. Special industrial applications of 
thermodynamics. 

2. All engineers need  thermody- 
namics. 


3. Thermodynamics and_ irreversible 
processes. 

. Irreversible coupled flows. 

. Electric and magnetic phenomena. 

. Electrochemistry. 

. Statistical thermodynamics. 

. Rate processes. 

. Relaxation phenomena. 

10. Elastomer thermodynamics. 


Further details about conference a 
rangements and the program can be ob 


tained from Professor W. E. Ranz, Dep 
partment of Engineering Research, Th} 


Pennsylvania State University, Univer 
sity Park, Pennsylvania. Registration ¥ 
limited. 
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Physics in Engineering Education* 


The National Science Foundation has 
granted the American Institute of Phys- 
ies the sum of $13,600 to support a study 
and evaluation of the role of physics in 
engineering education. A committee to 
make the study has been appointed by the 
Institute as follows: 


E. Hutchisson, Case Institute of Tech- 
nology (Chairman) 

L. B. Borst, New York University (Sec- 
retary) 

J. W. Buchta, University of Minnesota 


_ Dudley Chambers, General Electric Com- 


| Hugh Dryden, National Advisory Com- 


mittee for Aeronautics 

Harvey Fletcher, Brigham Young Uni- 
versity 

W. V. Houston, Rice Institute 

J. A. Hutcheson, Westinghouse Electric 
Corporation 


R.B. Lindsay, Brown University 


D. H. Loughridge, Northwestern Univer- 
sity 

H. V. Nehr, California Institute of Tech- 
nology 

Lloyd P. Smith, Cornell University 

J. A. Stratton, Massachusetts Institute of 
Technology 


_ William W. Watson, Yale University 
| Marsh W. White, Pennsylvania State 


University 


The role of physics in engineering edu- 
cation has continually been under discus- 
sion. Recently such discussion has been 
intensified and has received the attention 


*Reprinted from Physics Today, March, 
1955. 
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of a committee of the American Society 
for Engineering Education. The com- 
mittee was asked to determine the pat- 
terns that engineering education should 
take to keep pace with the rapid develop- 
ments in science and technology, and to 
educate men who will be competent to 
serve the needs of and provide the lead- 
ership for the engineering profession 
over the next quarter-century. It has 
now prepared and circulated an interim 
report including recommendations. 

Another committee, sponsored by the 
American Association of Physics Teach- 
ers, has also considered this subject and 
wishes to develop well-founded views to 
exchange with the ASEE committee. The 
present AIP activity was undertaken at 
the request of the AAPT because it was 
believed that the interest and resources 
of the entire organization of physicists 
should be mobilized behind this enter- 
prise. 

A meeting of the AIP committee was 
held at Gould House of New York Uni- 
versity on January 31 and February 1. 
As a result of a program adopted at this 
meeting, visits will be made to a number 
of institutions having engineering schools 
to determine the actual present role of 
physies in the engineering curricula and 
the objectives in the minds of those who 
teach it. The information and opinions 
gathered in this way will be digested and 
interpreted by the committee and its 
staff, and then presented in a report with 
recommendations. An opportunity to 
present an interim report will come at 
the joint ASEE-AAPT meeting June 20- 
24 at Pennsylvania State University. 
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Conference on Thermodynamics in 
Engineering Education 


The following persons participated in 
the Conference on Thermodynamics in 
Engineering Education at Purdue Uni- 
versity, Lafayette, Indiana, February 28 
and March 1, 1955: 

1. J. F. Bailey, University of Tennes- 
see; 2. F. G. Brickwedde, U. S. Bureau 
of Standards and University of Mary- 
land; 3. W. L. Collins, University of 
Illinois; 4. C. E. Cutts, National Science 
Foundation; 5. B. F. Dodge, Yale 
University; 6. W. C. Dunlap, General 
Electric Co.; 7. R. E. Fadum, North 
Carolina State College; 8. R. G. Folsom, 
University of Michigan; 9. N. A. Hall, 
University of Minnesota; 10. J. Halpern, 
University of British Columbia; 11. G. A. 
Hawkins, Purdue University; 12 G. H. 
Hickox, National Science Foundation; 13. 
J. H. Keenan, Massachusetts Institute of 
Technology; 14. R. A. Morgen, Purdue 
University; 15. R. W. Moulton, Univer- 
sity of Washington; 16. E. F. Obert, 
Northwestern University; 17. W. E. Ranz, 
Pennsylvania State University; 18. W. 
Ross, Pennsylvania State University; 19. 
F. D. Rossini, Carnegie Institute of Tech- 
nology; 20. I. W. Smith, University of 
Toronto; 21. J. M. Smith, Purdue Uni- 
versity; 22. M. Tribus, University of 
California; 23. E. Walker, Pennsylvania 
State University; 24. M. W. Zemansky, 
City College of New York. 

The relationship of thermodynamic 
courses to physics was discussed as well 
as the general status of thermodynamics 
teaching. As a result of these discus- 
sions the conference adopted the follow- 
ing resolutions: 
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1. Thermodynamics is a fundamental 
science which is a desirable element jn 
the general and professional education of 
all engineers. 

2. Although instruction of engineering 
students in thermodynamics is relatively 
highly developed, the attention of teach. 
ers of thermodynamics should be directed 
toward the newer areas of activity, such 
as irreversible thermodynamics and statis. 
tical thermodynamics. 

Then the following decisions were mate 
concerning the aims, objectives, and meth. 
ods for conducting the forthcoming con- 
ference: 

1. The open Thermodynamics Confer. 
ence at The Pennsylvania State Univer. 
sity should be aimed at young teaches 
of engineering thermodynamics. 

2. Some of the material to be presented 
should illustrate the use of thermody: 
namics by industry and practicing engi- 
neers. 

3. A discussion should be included t 
cover present practices in the teaching 
of mechanical and chemical engineerin 
thermodynamics and trends. 


4, The role of thermodynamics in cu. 
ricula other than chemical and mechani} 


eal engineering should be presented. 

5. The subject of heat transmissio 
should be excluded from the conferent 
program. 
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Section Meetings 


Location of Meeting 
Bucknell University 


University of Notre 
Dame 


University of 
Nebraska 

Michigan State 
College 


Swarthmore College 


University of 
Missouri 


University of Akron 
University of Idaho 


Colorado A. & M. 
College 


University of 
Tennessee 


University of 
Oklahoma 


Dates Chairman of Section 
April 29-30, W. D. Garman, 
1955 Bucknell University 


May 21,1955 4G. E. Ellithorn, 
University of Notre 


Dame 


Oct. 22-23, G. W. Bradshaw, 
1955 University of Kansas 
May 7, 1955 C. Sigerfoos, 
Michigan State 
College 
May 7,1955 H.N. Jenkins, 


Swarthmore College 
March 26, 1955 M. M. Jones, 
University of 
Missouri 
J. C. Michalowiez, 
Catholic University 
KE. R. McKee, 
University of 
Vermont 
C. J. Pratt, 
Michigan College of 
M. and T. 
K. F. Sibila, 
University of Akron 
May 7, 1955 
April 15-16, 
1955 


M. L. Jackson, 

University of Idaho 

B. M, Green, 

Stanford University 

April 16, 1955 D. F. Peterson, 

Colorado A. and M. 
College 


April 14-16, 4H. V. Flinsch, 
1955 Mississippi State 
College 
April 8-9, V. L. Doughtie, 
1955 University of Texas 


B. H. Norem, 
Syracuse University 


Members of the Society are welcome at all Section Meetings 


*No date set. 
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CoNnTRIBUTIONS TO ENGINEERING EDUCATION 
BY THE 
DIVISION OF ENGINEERING DRAWING 


T. T. AakHus, Chairman 
University of Nebraska 


Harotp P. SkaMseER, Secretary-Treasurer 
Michigan State College 


Teaching Engineering Graphics Effectively 
for Today and Tomorrow * 


By FRANK A. HEACOCK 


Professor of Graphics, Princeton University 


In our engineering colleges every stu-, 
dent must learn the fundamental prin- 
ciples and useful applications of mathe- 
matics, chemistry, physics, mechanics, and 
engineering graphics. The comprehen- 
sive term “engineering graphics” includes 
not only the basic courses in engineering 
drawing and descriptive geometry but 
also the advanced graphics courses and 
important parts of other engineering 
courses that may be taught most effec- 
tively when graphic methods are em- 
ployed. It is the purpose of this paper to 
point out the educational objectives of 
graphics instruction and to show in some 
detail how engineering graphics may be 
taught effectively to accomplish these ob- 
jectives so that the engineering student 
will derive from it all of the benefits that 
are of value to him while he is in college 
and after he enters his profession. 

Let us consider the student, the time 
available, the subjects taught, the in- 
structor, and the problems involved in 


* Presented at ASEE Annual Meeting, 
University of Illinois, June 1954. 
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world. For best results each drawing 
must tell its story clearly and completely. 
Therefore, engineering drawing is taught 
as a precise, graphic language which all 
engineers must learn to write and to 
read. A college course in engineering 
drawing has important educational values 
in addition to the production of satis- 
factory drawings. We should consider 
technical sketching, reading drawings, fit- 
ting the course to the students’ ability, 
the true meaning of skill, and the best 
way to budget the teaching time available. 
of Facility in technical sketching is re- 
garded as an essential part of the engi- 
neer’s working equipment, and it is our 
job to teach the student how to make 
quick, effective sketches. Requiring no 
special talent, the ability to make good 
sketches is the result of careful, persistent 
practice under the guidance and encour- 
agement of the drawing instructor. Ex- 
perience has shown that students make 
rapid progress in learning the principles 
of projection drawing while making multi- 
view sketches of simple machine parts on 
cross-section paper at the beginning of 
the course. The sketch introduces the stu- 
dent to a natural way of expressing on 
paper his mental image of the object 
when it is viewed from above, from in 
front, or from the side. As it provides a 
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grasp of each detail in its true relation to 
other details and to the whole object. A 
multiview drawing cannot be read by 
looking at one view. The student must 
imagine himself moving around the actual 
object and looking at it in the direction 
each view is taken. This nimble mental 
shift from one viewpoint to another ex- 
cites the imagination. The new facts dis- 
covered at each viewpoint build up the 
mental picture until it becomes a com- 
plete realization. Many carefully se- 
lected exercises of progressive difficulty 
are needed to develop facility in reading 
drawings. Useful for this purpose are 
completion problems that require a new 
view of an object in proper relation to 
the given views. Other good exercises in- 
clude the missing line problem and the 
possible view problem. The combination 
of reading exercises and technical sketch- 
ing is especially helpful in frequent 
quizzes throughout the drawing course. 
In our search for better ways to teach 
engineering drawing we must be sure to 
fit the course to the needs and capabilities 
of the student. Although it would be 
helpful to count on effective drawing in- 
struction in high school, many of us have 
learned from experience that it is best to 
start at the beginning and not to assume 
that the student who made drawings in 
high school has a good working knowledge 
of the fundamental principles of pro- 
jection drawing. In an average class of 
25 freshmen most of them respond quite 
readily to instruction and make encourag- 
ing progress. A few students do excep- 
tional work, producing drawings that may 
be displayed as examples of superior 
drafting. On the other hand, there may 
be one or two who simply cannot learn to 
draw. After slow and clumsy effort, 
their completed drawings are usually not 
acceptable, and they make a poor show- 
ing on tests and examination. We some- 
times wonder how they managed to pass 
the engineering aptitude test. This wide 


range of natural ability makes it difficult 
to set a proper pace for the class. The 
individual who is capable of rapid prog- 
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ress and who has acquired a certain pro- 
ficiency in drawing should not be held 
back or allowed to mark time. The 
remedy suggested for this situation is to 
section students according to ability in 
order to set a proper pace for each group 
and to allow each individual to develop 
to his highest level of creative thought 
and skill in graphic expression. 

In the Preliminary Report of the 
ASEE Committee on Evaluation of En- 
gineering Education the statement is made 
in reference to engineering drawing that 
“its value as a skill alone does not justify 
its inclusion in a curriculum.” I doubt 
that any college course in engineering 
drawing has either the time or the inten- 
tion to develop manual expertness in 
drafting. But skill in a broader sense is 
a worthwhile objective of the drawing 
course. The true meaning of skill is the 
ability to use one’s knowledge effec- 
tively. Engineering drawing provides a 
systematic procedure for organizing pro- 
ductive ideas and expressing them on 
paper in an accurate, unmistakable man-, 
ner. This graphic habit of thought and 
expression which the drawing course 
aims to develop is a valuable skill that 
the engineering student will often use to 
advantage. 


Time-Saving Methods 


In many colleges the time allotted to 
engineering drawing has been reduced to 
the point where it is difficult to cover es- 
sential material and teach the course ef- 
fectively. In trying to budget the limited 
time available one is forced to con- 
sider time-saving methods of instruction. 
Workbooks of printed problem sheets 
have been widely adopted, in spite of 
their limitations, because they allow the 
student to cover two or three times. as 
many problems during the course. An- 
other way to save time is to reduce the 
number of problems and eliminate repeti- 
tion by selecting problems that combine 
several features of instructional value to 
the student. 

More efficient use of time could be 
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gained by teaching the principles of dj. 
mensioning along with shape description 
from the beginning of the course. 4 
multiview drawing without dimensions js 
like a bird without wings. After the 
principles and methods of simple dimen. 
sioning are applied to elementary prob. 
lems, the special practices and notes re. 
ferring to typical shop operations can be 
gradually introduced when appropriate 
problems are assigned. Experience has 
shown that this parallel treatment of 
shape and size description saves time ani 
gives good results. In some large induw- 
tries there is a definite trend toward sin- 
plified drawing and dimensioning pre. 
tices which could well be reflected in 
drawing courses by the gradual adoption 
of sound methods for eliminating no- 
essentials and needless repetition of de. 
tails. This would also save much valu. 
ble time on the drawing board. 
Turning now to descriptive geometry, 
we find this basic engineering cour 
under fire by those who do not appred- 
ate its educational values. At some ed 
leges having ROTC programs student 
are allowed to drop descriptive geomety 
to make room for a required militan 
naval, or air science course. In a fe 


sider that descriptive geometry is neces 
sary in their field of engineering hav 
omitted the course from their curriculum 
In view of this situation and its implia 
tions for the future, let us reappraise 0 
objectives, plan the best possible use 
our potential resources, and chart a si 
course into the probable developmet 
that lie ahead. In my judgment there! 
a significant trend away from the rep 
sentational and disciplinary phases of é 
seriptive geometry and toward its ve 
tile applications as an analytical t 
through the full utilization of vecto 
graphs, and diagrams. As the foundati 
of graphical science it can be develop 
into a cogent force for good in engint 
ing education. _ 

At the beginning of the course our di 
concern is to give each student a thorot 
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grounding in the fundamental principles 
of descriptive geometry. These prin- 
ciples and methods are easy to grasp and 
to apply. The common sense approach 
of the auxiliary: view method appeals to 
the practical mind of the engineering 
student. This novel method of attack 
arouses his interest because it opens up 
an entirely new line of thought that is in 
itself most valuable. The importance of 
the strategic direction of sight and the 
clever use of the end view of a line and 
the edge view of a plane capture his 
imagination. He is impressed by the geo- 
metric validity of a graphic solution that 
checks itself. When explained in proper 
sequence it is easy to establish the sound 
principles of descriptive geometry. 

The only effective way to learn de- 
scriptive geometry is to work out dili- 
gently on the drawing board a series of 
carefully selected problems that embody 
eeometry,| all of the essential principles. Students 
g coum|often make the mistake of trying to 
; appred:}| memorize the mechanical operations of 
some ¢d:| the graphic solution without thinking the 
_ student} problem through beforehand. A special 
geometn} effort should be made to encourage cor- 
~ military} rect study methods and to ensure individ- 
In a fen ual work on problem solutions. 

o not cm For many years increasing emphasis 
is been given the useful engineering ap- 
ring havpplications of descriptive geometry. One 
urriculumpof its early uses was stereotomy, which is 
ts impliegthe science of stone cutting for arches, 
praise omdomes, and cloisters. Later applications 
ble use @ancluded the graphic solution of prob- 


a encountered in structural steel de- 
velopmettails of hip and valley roofs and skew 
nt there@ridges, geology and mining problems, 


the repm@ntersection and development problems 


ases of #0 sheet metal structures such as pen- 
1 its vermptocks and draft tubes, air conditioning 
ytical t@fucts and ventilating systems, and lofting 
of vectmpt surfaces for ships and aircraft. A 
foundatigmvide variety of useful applications of de- 
» developgscriptive geometry enriches the course, 


promotes student interest, and makes the 
eaching more effective. 

se our di As engineering drawing and descrip- 
a thoromjfive geometry are closely related and each 


n 
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helps the other, sixteen engineering col- 
leges have found it desirable to combine 
them in a single basic course which might 
be called engineering graphics. In order 
to do more work in less time and teach all 
of the essential material more effectively 
the two subjects should be securely joined 
together to preserve continuity and unity 
of purpose. The common bond of ortho- 
graphic projection which is the sound 
basis of both subjects permits consolida- 
tion and a substantial saving of time. 
Judicious rearrangement of course con- 
tent produces further economies by avoid- 
ing overlapping of topics and needless 
repetition. Some drawing courses con- 
tain problems involving intersection and 
development which properly belong in the 
descriptive geometry part of the course. 
Also certain parts of pictorial repre- 
sentation may be presented to better ad- 
vantage as applications of descriptive 
geometry. A true dovetailing of the vari- 
ous elements of the two subjects must be 
achieved by efficient reorganization of 
essential material in a logical sequence 
so that each new phase is properly cor- 
related with preceding principles and 
methods. Real integration of engineer- 
ing drawing and descriptive geometry in 
an effective basic course in engineering 
graphics appeals to a good many for- 
ward looking teachers in our field. 
Engineering students must acquire a 
working knowledge of vectors because the 
vector principle is widely used in engi- 
neering. Vector analysis is a branch of 
mathematics, but the graphic approach 
is often preferred. Whenever vector 
problems involve three dimensions, the 
methods of descriptive geometry are used 
to advantage. Therefore, a basic course 
in engineering graphics should include 
adequate treatment of vector geometry. 
This should not be limited to concurrent 
forces or static conditions, but contain 
problems dealing with motion, time, ve- 
locity, acceleration, and couples due to 
nonconcurrent forces. The required 
courses in mathematics, physics, and me- 
chanics which the engineering student is 
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taking at the same time, or will soon 
start, now put greater emphasis on vec- 
tors and their manifold applications. 
Thus the graphic solution of vector prob- 
lems provides a convenient means of co- 
ordinating descriptive geometry with 
other courses in the engineering curricu- 
lum. This graphic approach clarifies 
many difficult problems that the student 
encounters in other courses and it gives 
him a better grasp of basic relationships. 
Consequently, it enhances his opinion of 
the value of graphics training as a de- 
pendable aid to the learning process. 


Graphics As An Analytical Tool 


Descriptive geometry provides an ex- 
cellent introduction to the study of 
graphics as an analytical tool. Based on 
logical reasoning and the sound prin- 
ciples of space geometry, it puts into 
practice the engineer’s methods of think- 
ing each problem through to a successful 
and accurate solution on the drawing 
board. It teaches the student how to size 
up a problem from any desired angle and 
to consider possible methods of attack. 
After weighing the advantages and short- 
comings of each method for solving the 
problem, he is able to use good judgment 
in selecting the best procedure. The con- 
tinued use of graphic methods as a com- 
panion to analytical thought imparts self- 
reliance, resourcefulness, and _ initiative. 
Thus the study of descriptive geometry 
helps the student develop the keen, prac- 
tical insight that is essential to advanced 
work in graphic analysis. 

Many colleges have courses in advanced 
engineering drawing which are required 
for students in certain branches of engi- 
neering. In these courses the principles 
of projection drawing and dimensioning 
are applied to planning, sketching, and 
production of working drawings that con- 
form to accepted standards of good prac- 
tice in industry. As an understanding 
of shop operations is essential, lectures, 
demonstrations, and visits to the shops 
usually supplement individual instruction 
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in the drafting room. In most cases th 
course content is adapted to suit the spy. 
cifie needs of students enrolled in the dif. 
ferent departments of engineering. Thy 
setting offers a favorable opportunity 
introduce various drawing projects jn. 
volving some empirical design, which yi 
challenge the ability of the engineering 
student. Here also is a good place t 
teach the principles and methods of rep. 
resenting facts, figures, trends, and per. 
formance by means of graphic chart, 
It is essential that the engineering student 
gain a working knowledge of this in. 
portant means of recording and. con. 
municating information through 
design and construction of both technica 
and popular charts. 

Advanced graphics is usually tangli 
in an elective course at the junior « 
senior level. This course provides it 
struction and practice in graphical anak 
sis of advanced problems and graphit 
methods of computation. The subjecs 
covered may include graphical mathem. 
ties, graphic methods of determining e- 
pirical equations from experimental dai 
application of vectors to a wide ray 
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of force and motion problems, and desig 
and construction of nomographs and othe 
calculating charts. Many colleges have 
senior level course in engineering anal 
sis that is designed to help the stude 
set up an engineering problem so that 
ean be solved by calculus. Sometim 
the mathematics is so involved that 
student has difficulty in grasping 1 
method of solution, and the graphic 
proach is used to clarify the procedi 
Here is an opportunity to assist the 
dent when he needs the kind of aid th 
graphic methods provide. Let us dev 
our best efforts to organize and teach t 
level courses in advanced graphics 4 
will be most effective in developing ! 
creative talent of the engineering stu 
to its highest capability. 

Occasionally a colleague who is te 
ing a junior or senior course compl 
that a few students in his class do « 
less drafting, or make faulty skete 
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or show scant knowledge of graphic 
methods. When we check back we find 
that the same students did creditable work 
in the drawing course. Unfortunately 
some individuals stop trying when quality 
standards are relaxed. This emphasizes 
the need for full cooperation by all 
faculty members in insisting upon high 
quality work whenever student drawings, 
sketches, or graphs are required in their 
courses, because employers of our engi- 
neering graduates demand it. For best 
results in this direction we should do 
some helpful missionary work among our 


colleagues. 


This leads to another worthwhile pur- 
pose. If we convince a teacher of the 
value of the graphic solution for clarify- 
ing a difficult problem and for checking 
the result obtained by the usual mathe- 
matical solution, he will give the graphic 
Naturally 
the graphic procedure must be properly 
explained at the blackboard and the stu- 
dent must be required to work out an ac- 
eurate graphic solution on the drawing 
board. Then the graphic method will sell 
itself to teacher and student because of 
its inherent advantages. As the graphic 
approach proves its educational value its 
use will spread to other technical courses 
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to strengthen the role of graphics in engi- 
neering education. 


Opportunities in Research 


There are many opportunities for the 
teacher of engineering drawing and de- 
seriptive geometry to apply his talents 
to the solution of problems that arise in 
research projects in science and engi- 
neering. Many of us would like to under- 
take a graphics research assignment and 
we ask only a proper introduction to this 
purposeful effort. One can make a use- 
ful start by acting as advisor to graduate 
students who are working on thesis proj- 
ects and by assisting colleagues who are 
engaged in research. This experience in 
setting up research problems and solving 
them by graphic methods often leads to 
the discovery of unsolved problems that 
challenge our best efforts. Let me urge 
you to engage in fundamental research. 
Your Committee on Advanced Graphics 
is willing to offer suggestions and assist- 
ance if desired. Many research projects 
in engineering and science need your pro- 
ficiency in applying graphic methods to 
their problems. In return this rewarding 
experience will make your teaching of 
engineering graphics more effective for 
today and tomorrow. 
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Student-Centered Review, and Rationalized Exams 


By ROBERT B. DAVIS 
Assistant Professor of Mathematics, University of New Hampshire 


1. “Non-Directive” Review 


In several of my calculus sections I have 
found myself with a couple of weeks free 
time at the end of the semester. The 
natural use for this free time was to spend 
it reviewing for the final examination, 
and we did this, using a rather definitely 
“student-centered” or “non-directive” ap- 
proach—that is to say, the instructor did 
not run the show. After suggesting a re- 
view, the instructor sat back and let the 
class decide what to do next. Class re- 
sponse was eminently satisfactory, and 
a reasonably organized procedure quickly, 
evolved. Students selected problems, 
volunteers went to the board and solved 
the problems with the assistance of the 
rest of the class—and the instructor sat 
in silence and watched. Class interest 
and participation were unusually high— 
aided, no doubt, by considerable relevant 
and good-natured heckling from the audi- 
ence. The value of this kind of approach 
seemed considerable. 

There has been a good deal of interest 
in introducing such a “student-centered” 
approach more widely in engineering 
education. (This is often called by other 
names, such as “non-directive,” “group 
dynamic,” or “permissive.” I am not try- 
ing to make any sharp distinctions of 
language here.) We might cite the vari- 
ous items in the bibliography, in this con- 
nection. 

However, many faculty members have 
considered the matter, and have felt re- 
luctant to trust in a method which ap- 
pears to leave so much to chance, and ap- 
pears to frustrate the students’ frequent 
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desires to be dependent, or to be told jus 
what is expected of them—or even to get 
as much help as they would like. Som 
have felt that the demands on the stv. 
dents’ maturity are excessive (not to men 
tion the demands on the instructor's séf- 
control). 

Leaving a free space in the schedule for 
two weeks of non-directive review pr 
ceding final exams may offer a means ¢! 
overcoming some of these objections. At 
this time student motivation is unusual 
high. The class members know one a 
other and know the instructor. Also, the 
have considerable familiarity with tk 
subject matter by then. The cirem 
stances seem unusually favorable for: 
group-dynamie approach. This is, i 
fact, the period when the student shoul 
be organizing his knowledge in his 0 
mind, and should become especially 
tive in contrast to his earlier passive 
pendence upon the instructor’s efforts‘ 
organization. 

Does this point toward a possible a 
tension of non-directive methods? 


2. A Rationalized Examination Prog 


There is a second point that has recenlj 
come to my attention. 

As I have looked over various exal 
nation procedures, I have been struck! 
the rather basic errors that are frequetl 
made in setting and grading exams. bi 
errors, that is to say, in the sense of p 
cise scientific measurement. Some sebit 
give failing grades to many students 
do not appear to deserve them—if, #7 
deed, anyone ever does “deserve” tl 
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CANDID COMMENTS 


These errors are familiar in economics as 
double counting, in statistics as neglect- 
ing higher moments of distributions and 
failure to note trends, in physics as prob- 
lems in quantization, and as stability of 
data, and in mathematics as non-linear 
seale shifts and as the addition of unlike 
units—adding apples to bananas. We 
set an exam in which five points in one 
problem are very hard to get, whereas 
thirty points in another come quite easily. 
These points have quite different mean- 
ing. Nonetheless, we add them all to- 
gether and consider only the sum. In 
doing this we neglect the fact that a cer- 
tain item—not necessarily important in 
general—may have appeared in three or 
four different problems and may have 
been counted far more than was con- 
seiously intended. We average together 
a sequence of exam grades, and all too 
frequently make no allowance for the dif- 
ference between what a student knows in 
June, and what he knew last March. We 
then interpret this on a highly non-linear 
seale, where the first sixty points don’t 
eount for much individually, but one or 
two points from 60 on up may make a lot 
of difference. Then we quantize this into 
letter grades, where 70 equals 79, but 79 
is not nearly equal to 80. In all of this 
process we customarily wreck havoe with 
the ordinary notions of significant figures. 
I have often seen students failed on the 
basis of 10 points out of 800, which seems 
to me to be an insanely optimistic view 
of the accuracy of tests as measuring in- 
struments. 

In all of this our basie philosophy 
seems to be that, if only we average to- 


' gether enough irrelevant data, at some 


point it becomes not only relevant but 
surprisingly precise. 

The question is, ean we do any better? 
I say yes, as a matter of fact, we can. 
We can make a direct relation between 
What the student does and what we want 
to ask of him. Specifically, we can de- 


4 termine a set of techniques, concepts, ete., 
M4 which we consider the minimum. If the 
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student shows reasonable mastery of this 
material, then we agree to take him along 
into the next term’s work, and we guaran- 
tee him at least a passing grade. In a 
first term calculus course, for example, 
this might conceivably be a few fairly 
simple differentiation problems, and per- 
haps one or two easy word problems. In 
any event, I am skeptical of the value of 
requiring students to repeat a term’s 
work, and it seems to me that this mini- 
mum material should be kept at a fairly 
simple level, with liberal allowances for 
minor numerical mistakes. 

Similarly we can add several sets of 
progressively more difficult material, to 
determine which students should get C’s, 
B’s, or A’s. But in no event do we add 
up total scores, for we do not want a 
brilliant piece of work on a difficult ex- 
ample to be obscured by a minor nu- 
merical error in one of the trivial prob- 
lems. If a student can do most of the A 
material, he gets an A. In this way, each 
letter grade achieves a qualitative mean- 
ing; a B, for example, means that the stu- 
dent can handle the fairly difficult parts 
of the course, but not the most difficult 
ones. This seems to me a considerable 
improvement over the vague meaning 
which a B tends to have at present, com- 
pounded as it is of a long string of 
doubtful arithmetic operations, which as- 
suredly are not even commutative. 

Of course, the question of grades, and 
of failing students, goes much deeper than 
this. I suspect we should rely a good deal 
more on the instructor’s judgment than 
most schools are willing to. Doubtless 
we shall someday have a more helpful 
treatment for failing students than our 
usual technique of intimidating them, im- 
plying to them that they personally are 
not up to standard, and requiring them 
to repeat the term’s work. But I offer 
this grading procedure as an interim 
measure. It would work far less injus- 
tice than the unreasonably rigid (and 
irrational) systems still widely used at 
present. 
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We certainly need to learn to think in 
broader and more fundamental terms. 
Nonetheless, grades—and especially fail- 
ing grades—are deeply interrelated with 


important basic issues. As a further ex- 


ample, I might note that excessive penal- 
ties for minor errors may so cancel ex- 
cellent work elsewhere on an exam that 
it sometimes becomes nearly impossible 
for a student to earn a grade of A. This 
can speedily create an atmosphere of 
fatalism or resignation, and the atmos- 
phere or general attitude among the stu- 
dent body is one of the most basic matters 
in any university. 


. Client-Centered Therapy, 
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EAST ASSISTANT PROFESSOR OF 
Metallurgical Engineering desired for Sep- 
tember, 1955, with emphasis on heat transfer, 
thermodynamics, and physical chemistry. 
Advanced degree essential, experience desir- 
able. May-1. 


CHEMICAL ENGINEER TO HEAD 
Chemical Engineering Department of Young 
Four Year State College, Doctorate Essen- 
tial. Salary for twelve months. Open. Ad- 
dress Dean, Lamar State College, Beaumont, 
Texas. 


INSTRUCTOR OR ASSISTANT PROFES- 
sor to teach engineering drawing and de- 
scriptive geometry. Engineering degree and 
teaching experience desired. Opportunity 
to do graduate work. Rank and salary de- 
pendent on education and experience. Ap- 
pointment beginning September 15, 1955. 
Write J. D. McFarland, Chairman, Depart- 
ment of Drawing, The University of Texas. 


CHAIRMAN OF CHEMICAL ENGI- 
neering Department in accredited Eastern 
college; to administer undergraduate pro- 
gram and organize graduate program. Ph.D. 
preferred. Give teaching, research and in- 
Must be available for 
September, 1955. May-2. 


POSITION OPEN TO TEACH DRAWING 
and Mechanics, Dept. of Engineering Me- 
chanics, University of Nebraska. Rank and 
_ salary based on applicants’ qualifications. 
_ Write inquiries to E. J. Marmo, Chairman of 
Dept., Lincoln, Nebraska. 
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INSTRUCTOR IN ELECTRICAL ENGI- 
neering beginning September 1, 1955. One 
interested in teaching fundamental electrical 
engineering subjects. Salary depends on 
qualifications. Opportunity for advance- 
ment. New building and equipment. Apply 
to, Chairman, Department of Electrical En- 
gineering, University of Nebraska, Lincoln 
8, Nebraska. 


ASSISTANT PROFESSOR, COMMUNI- 
cations, Electronics. Real opportunity for 
young Ph.D. interested in both teaching and 
research. Rapid advancement possible for 
man with initiative and ability. Write: 
Chairman, Division of Engineering, Brown 
University, Providence 12, R. I. 


TEACHING POSITIONS OPEN IN FOL- 
lowing Fields: Electrical Technology: Me- 
chanical Technology; Construction Technol- 
ogy. Must have B.S. degree in specific field, 
industrial experience in field desirable. Sal- 
ary ranges: Junior Instructor $4080.00 to 
$4680.00; Instructor $4800.00 to $6000.00, 
starting level dependent upon education and 
experience. Applicants must be qualified to 
teach major and related subjects. Hudson 
Valley Technical Institute, Troy, N. Y. 
(Unit of The State University of New 
York). 


CHEMICAL ENGINEER FOR HEAD OF 
Chem. Engrg. Department and Director of 
Research in aceredited Engineering College. 
Must have doctor’s degree. Research and 
teaching experience essential. Metropolitan 
New York. Appointment effective Septem- 
ber, 1955. May-3. 
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ASSISTANT PROFESSOR OF ENGI- 
neering Mechanics open September, 1955. 
Doctor’s degree with major in mechanics, or 
fluids, and with a strong minor in applied 
mathematics desired. Teaching experience 
and publications important. Younger man 
with Master’s degree desiring opportunity 
for advanced study may be considered at the 
Instructor level. Apply to Prof. G. N. Cox, 
Chairman, Department of Engineering Me- 
chanics, New York University, New York 
bo, Ne 


ENGINEERING TEACHING POSITIONS 
in the Civil and Electrical fields are available 
at Fresno State College. Young men are 
preferred. Instructor and Assistant Profes- 
sor positions open. Entire new campus 
under construction, including engineering. 
Excellent salary scale. Apply Dean A. R. 
Lang, Fresno State College, Fresno, Cali- 
fornia. 


INSTRUCTOR—FOR DRAWING, FRESH- 
men Engineering Problems, Mechanics. 
Branch immaterial. Beginning in Septem- 
ber. Salary determined by qualifications. 


Nine months per year. Apply to Dean of’ 


Engineering, Colorado A & M College, Fort 
Collins, Colorado. 


INSTRUCTOR IN GENERAL ENGI- 
neering, to teach engineering drawing and 
descriptive geometry. Engineering degree 
required. Appointment to begin Sept. 1, 
1955. Send application to: C. I. Carlson, 
University of Illinois, Rm. 147, Navy Pier, 
Chieago 11, Illinois. 


PROFESSORIAL POSITION OPEN ON 
the faculty of the Department of Electrical 
Engineering of Northwestern University. 
Faculty rank and salary will be determined 
upon the qualifications of the applicant se- 
lected. Position starts in September, 1955. 
A Ph.D. degree is desirable, but not neces- 
sary, if the applicant has a sufficiently strong 
research and publication record. May-4. 


OPENINGS IN THE COLLEGE OF ky. 
gineering of West Virginia University Bp. 
ginning September 1955: AERONAUTICAL 
ENGINEERING: Associate Professor t 
teach aerodynamics. Ph.D. is required. §y). 
ary $6000 for nine month school year, 
CIVIL ENGINEERING: Associate Profes. 
sor to teach undergraduate and graduate 
courses in structural design, intermediate 
structures, reinforced concrete and founda. 
tions. Ph.D. and experience desired. Salary 
up to $6000 for nine month school year, 
Instructor to teach surveying, fluid mechan. 
ies and other undergraduate courses. Mas. 
ter’s degree or post-graduate experience re. 
quired. Salary up to $4500 for nine month 
school year. ELECTRICAL ENGINEER- 
ING: Instructor or Assistant Professor to 
teach A.C. circuits to undergraduate electri- 
cal engineering students and elementary the- 
ory to non-electrical students. M.S. degree 
preferred. Experience will determine rating, 
Salary up to $5000 for nine month school 
year. INDUSTRIAL ENGINEERING: In 
structor to teach industrial organization, 
motion and time study, production control 
and engineering economy. BSIE or BSME 
(Industrial Option) is required. Man ap- 


pointed may work towards M.S. degree. Sal 


ary $4300 for nine month school year. ME- 
CHANICAL ENGINEERING: Instructor to 
teach engineering drawing, descriptive geom- 
etry and mechanism. BSME is required 
Man appointed may work towards M.S. de 
gree. Salary $4500 for nine month scho0l 


year. Assistant Professor to teach thermo 


dynamics, heat engines and mechanical lab- 


oratory. MSME degree is required. Salary) 


$5300 for nine month school year. ME 
CHANICS DEPARTMENT: Instructor t 
teach statics, strength of materials ani 
kinetics. B.S. degree in any accredited engi 


neering curriculum is required. Salary $400i) 
for nine month school year. Assistant Poy 
fessor to teach statics, strength of material] 


and kinetics. M.S. degree in any accreditel) 


engineering curriculum is required. Salan| 


$5000 for nine month school year. Applies) 
tions for these positions should be sent ti) 


Dean R. P. Davis, College of Engineering) 
West Virginia University, Morgantow) 


W. Va. 
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Minutes of Executive Board, Knoxville, 
Tennessee, April 15, 1955 


A meeting of the Executive Board of 
the ASEE was held at Knoxville, Tennes- 
see on April 15, 1955 at 10:00 A.M. 
President N. W. Dougherty presided. 
Those present were Vice Presidents W. 
L. Everitt, B. R. Teare, Jr., L. J. Lassalle 
and H. K. Work; Treasurer G. W. Farn- 
ham and Secretary W. Leighton Collins. 


1. Report of the Secretary 


a. A lack of satisfactory space in any 
of the engineering buildings at the Uni- 
versity of Illinois resulted in the Univer- 
sity transferring a campus residence to 
the College of Engineering and making it 
available for the Society headquarters. 
The offices are all located on the first 
floor. The University allocated $2800, in 
addition to the loss of rent, to adapt the 
space to ASEE use. The University 
maintains the building and grounds, but 
asked the ASEE to pay for the utilities. 
The University also will furnish space and 
equipment for the Editorial Secretary. 

b. Most of the newly ordered furniture 
has been received. It matches the old and 
the total cost to date is about $1200. 

e. The office staff consists of Mrs. 
Naomi Garman, Office Secretary; Mrs. 
Louise Chambliss, Membership Secretary ; 
and Mrs. Dorothy Sams, typist. 

d. The Executive Board voted approval 
of a utilities item on the books to take 
care of routine janitor service, heat, light 
and gas. The secretary estimated the cost 
would not exceed $700 per year. 

e. The Secretary explained the reasons 
for selecting the First National Bank in 
Champaign as the depository for the 
checking account. The Executive Board 
voted approval of the selection. 

f. The Secretary stated the bonding 
company now bonds positions and not 
the individuals holding them. The Execu- 
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tive Board voted approval of the bonding 
and the payment of a three-year premium 
in order to save one-half of a year’s pre- 
mium. 

g. The Executive Board voted to insure 
the furniture and equipment but not the 
society records. For the protection of the 
latter the Executive Board voted approval 
of the purchase of a fire-resistant filing 
cabinet. 

h. The Executive Board authorized the 
President to express the appreciation of 
ASEE to Carl Muhlenbruch and his com- 
mittee for their fine work in compiling 
and editing the Educational Aids Manual. 
Mr. Muhlenbruch is requested to submit 
a report to the Executive Board at its 
June meeting covering such matters as 
the future work of the committee, its fi- 
nances, etc. 

i. It was agreed a President’s News 
Letter should be prepared and mailed 
prior to the Annual Meeting. 

j. The Executive Board authorized the 
Secretary to exceed the budgeted amount 
for his travel by a reasonable amount if 
it became necessary. It was agreed Pres- 
ident Dougherty should represent the 
Society at the inauguration of former 
Secretary A. B. Bronwell as President 
of Worcester Polytechnic Institute. 

k. The attendance of EUSEC guests at 
the Annual Meeting was discussed. Since 
only about four or five were planning to 
attend, it was agreed Vice President W. 
L. Everitt should contact Dean F. M. 
Dawson and arrange the details whereby 
the cost of room, board, and registration 
while attending the Annual Meeting 
would be paid for by ECAC. 


2. Report of the Treasurer 


a. The Treasurer briefly reviewed the 
third-quarter report and answered sev- 
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eral questions regarding income and ex- 
penditures. 

b. The Secretary stated a revised sec- 
ond-quarter report accompanied the third- 
quarter report in order to have an agree- 
ment between the December 31st audit, 
accompanying the change in Secretary, 
and the second-quarter report. 

ce. The life membership fund of the 
constitution was discussed and it was 
agreed Section 4, Article IL should be 
referred to the Constitution and By-Laws 
Committee for study. The Executive 
Board voted that the life membership 
provision of the constitution, Section 5, 
Article II, should be interpreted as “a 
total of 25 years of membership in good 
standing” and not a continuous period 
of membership of 25 years. 


3. Reports of Vice Presidents 


Vice President W. L. Everitt, ECAC, 
reported that the program for their Gen- 
eral Session at the Annual Meeting was 
complete. A discussion of council officers 
led to the agreement that the officers of 


ECAC and ECRC need not be the official ‘ 


representatives of their institutions but 
must be members of ASEE. 

Vice President H. K. Work, ECRC, 
used the minutes of the last meeting of 
the Executive Committee as the basis of 
his report. Major items covered were 
that the Review of Current Research is 
about ready for publication and all orders 
should be forwarded to ECRC; that next 
year’s budget was being prepared and 
requested the Secretary to consult with 
former Secretary A. B. Bronwell and Dr. 
Renato Contini, Secretary of ECRC, re- 
garding its preparation and the ECRC 
reserve fund; and that the preparation 
of the needed book on creativity is pro- 
gressing. 

Vice President L. J. Lassalle, Divisions 
and Committees, reported briefly and 
stated that he spoke on Society activities 
at the meeting of the Missouri-Arkansas 
Section. 

Vice President B. R. Teare, Jr., See- 
tions and Branches, reviewed plans for 


MINUTES OF EXECUTIVE BOARD 


attending Section meetings. It was 
agreed it was desirable for members of 
the Executive Board to attend Section 
meetings and appear on the programs 
when requested. 


4. Report of the President 


President N. W. Dougherty reported on 
the program arrangements for the Gen- 
eral Session on Tuesday morning. Dean 
L. E. Grinter will be on the program for 
about 25 to 30 minutes, following the re. 
cess, to present the Final Report on En- 
gineering Evaluation. He will be fol- 
lowed by Dr. E. 8. Burdell who has been 
allotted about 45 minutes to make a pre. 
liminary report on the Humanistic-Social 
Research Project. 


5. Annual Meeting 


a. The Secretary reported that there | 


were only two conflicts with the morning 


General Session, one each with ECRC } 


and ECAC. 

b. The Secretary reported the final copy 
of the report on Engineering Evaluation 
should be available by May first. It was 
agreed the Secretary should discuss publi- 
cation with Dean L. E. Grinter. 
further agreed that free copies should be 
distributed at Penn State; that the entire 
report be included in the JourNat oF Ey- 
GINEERING Epucation; and that the fu 


Tt was 


ture selling price should be based on the) 


cost of printing and handling. 


ce. The Secretary reported that the Hv) 


manistic-Social Research Project woul) 


have a short printed report available fay 
free distribution at Penn State. Th! 
committee is handling the printing ani! 


cost is being charged to their account. 


d. The Secretary raised the question o| 
a realistic budget for the Annual Meeting) 


It was agreed that a budget should bh) 


submitted by the host institution and th) 


Secretary was instructed to have Pen) 
State submit their budget. : 

e. It was agreed to permit the Physic) 
Division and AAPT to jointly sponsor # 
exhibit of Physics books at the Annu! 
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Meeting if there is adequate space. The 
eontrol of the exhibit is to be in the hands 
of the Division and AAPT and they 
should have a strong committee handling 
it. The Secretary reported AAPT to be 
willing to pay all expenses in connection 
with the exhibit. 

f. It was agreed the Secretary invite 
Robert Roy to present the ETS project, 
Progress Report of Findings from Test- 
ing of Experienced Junior Engineers, at 
the Monday General Session. 

g. (Added to agenda.) Professors L. 
A. Rose and J. A. Reed, the two most re- 
cent local chairmen, reported their prog- 
ress in preparing the Annual Meeting 
Guide. They were instructed to prepare 
100 copies and have them available by 
the time of the Annual Meeting at Penn 
State. 


6. ASEE-NSF and other Conferences 


a, b, ce, d. The Secretary stated the re- 
ports of the closed conferences on Engi- 
neering Mechanics, Electricity and Mag- 
netism, and Thermodynamics will appear 
in the forthcoming issues of the JoURNAL 
oF ENGINEERING Epucation. The same is 
true of the report of the joint committee 
of ASEE and MAA on the Teaching of 
Mathematics to Engineers. 

e. The Secretary reported that the 
Evaluation Committee suggested the 
RWI Committee assume the problem of 
discussing the Evaluation report with 
representatives from industry and have 
a frank and open discussion of the re- 
port at a future meeting; it was deemed 
undesirable to confer with representa- 
tives of one corporation only. 

f. The Secretary reported all members 
of the Executive Board had approved the 
cooperation of the Society with Lehigh 
University and the AISC in sponsoring 
the Short Course on Plastic Design in 
Structural Steel to be held at Lehigh 
University September 7-15, 1955. The 
ASEE has no financial responsibility, 
now or in the future. Lehigh had been 
informed of the decision. 


743 


7. Conference on Theoretical Engineering 


The Secretary read a letter from F. C. 
Lindvall indicating that the drafting of 
a program soon would be complete. The 
letter was the basis for having Dean 
Lindvall report to the Society at its 
Monday afternoon General Session. 


8. Graduate Study Project 


The Secretary reported on the status 
of the Graduate Study Project. The Ex- 
ecutive Board instructed the Secretary to 
get from the committee a well developed 
program and a total budget for whatever 
number of years the project was to cover, 
the program and budget then to be sub- 
mitted to the Executive Board for ap- 
proval. It was agreed that funds for the 
study should be solicited by the Society. 


9. Publication of Reports 


a. Final Report on Evaluation of En- 
gineering Education—covered in Item 5b. 

b. Preliminary Report of Humanistic- 
Social Research Project—covered in Item 
5e. 

e. Nuclear Engineering papers pre- 
sented at the Northwestern University 
Conference—several possible procedures 
were discussed, an extra issue of the 
Journal of Engineering Education re- 
ceiving the most favorable comments. It 
was agreed the Secretary should discuss 
the entire matter with the retiring and 
newly-appointed editors. It was believed 
that about 10,000 copies should be printed 
and that the sale price should be sufficient 
to cover the expense of printing and 
handling the extra copies. The commit- 
tee is believed to have about $2000 for 
printing the report. 


10. Appointment of L. A. Rose 


a, b. The Executive Board voted that 
L. A. Rose of the University of Illinois 
be appointed Editor and Director of Pub- 
lic Relations, effective July 1, 1955, in ae- 
cordance with the terms previously agreed 
The Executive Board also voted 


upon. 
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that advertising be handled by the Editor 
and Director of Public Relations. (Dean 
W. L. Everitt did not participate in the 
voting.) In addition, the Executive 
Board voted that an Editorial committee 
of five be appointed by the President, 
the Editor and Director of Public Re- 
lations being an ex-officio member of the 
committee. Thus, there will be an ad- 
visory committee to work with the Editor 
and Director of Public Relations for each 
aspect of his duties, editing of the Jour- 
NAL OF ENGINEERING EpucaTion and the 
handling of public relations. 


11. Resolutions of Appreciation 


The Executive Board voted that the 
Secretary write to Professor C. E. Wat- 
son, retiring Assistant Secretary and Miss 
Marion Strohn, retiring Office Secretary, 
expressing the deep appreciation of the 
Board and the Society for their highly 
commendable services during their years 
of association with ASHE. 


12. Termination Pay 


The Executive Board voted to grant 
Miss Marion Strohm, retiring office secre- 
tary, three weeks termination pay. 


13. Social Security 


The Executive Board voted to pay for 
Social Security at such time the office 
staff expressed the desire for coverage. 


14. Relation of YET to ASEE at Na- 
tional and Local Levels 


The letter from Henry H. Armsby to 
A. B. Bronwell dated 13 Jan. 1955 was 
read and after considerable discussion it 
was agreed the problem be referred to 
the Young Engineering Teachers Com- 
mittee for consideration. The discussion 
indicated the general belief that all YET 
activities should tend to pull men into 
the Society, that non-ASEE members 
could attend meetings of YET, but mem- 
bership in a YET organization should 
require ASEE membership. 
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15. Section Meeting Papers—Property of 
ASEE 


Vice President B. R. Teare, Jr. pre 
sented the problem and it was agreed 
Article 9, Section III of the Constitution 
should be referred to the Constitution and 
By-Laws Committee with the recommen. 
dation that, “shall be the property of the 
Society,” be deleted. 


16. Committee Appointments 


a. EJC Committee on Honors for 
Engineers—The committee is to develop 
methods by which distinguished engineers 
may receive suitable recognition . . . and 
consider the establishment of awards by 
EJC. W. N. Jones represents ASEE, 

b. U. S. National Commission for 
UNESCO—It was agreed the President 
should make appointments provided there 
would be no cost to the Society. 

e. National Research Council—Vie 
President H. K. Work presented the 
difficulty arising from the fact that the 
ECRC Vice President serves for two 
years and the NRC appointments are for 
three years. It was agreed the policy 
should be that the ECRC Vice President 
be the ASEE representative to NRC and 
that at the end of his two year term a 
vice president he resign as the NRC 
representative. 

d. Incorporation of nuclear science into 


engineering curricula (added to agenda) | 
—The Secretary read the letter dated) 
March 31, 1955 from Dean R. D.) 
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Membership 
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should be invited to join ASEE in order 
for the institution to receive the benefits 
of such membership. 


17A. Associate Institutional Memberships 
(added to agenda) 


The Secretary announced that by mail 
ballot the Executive Board voted to ap- 
prove membership for: 


American Blue Print Co., Ine. 

Udylite Corporation 

Continental Motors Corporation, Re- 
search Division 


18. EJC Amendments and Membership - 


a, b. It was agreed to refer the appli- 
cation of the American Society of Re- 
frigeration Engineers as a Constituent 
Society and of the American Institute of 
Industrial Engineers as an EJC Associate 
to the General Council for approval. 


19. ECPD Membership for NSPE 


It was agreed to refer the matter to the 
General Council for vote. 


20. Tax Exempt Status of ASEE 


It was agreed to refer the problem to 
the auditor, if necessary, for study and 


recommendation. 
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21. American Council on Education Dues 


The Executive Board voted to pay the 
$200 dues for the current year. 


22. Educational Advice and Aid to For- 
eigners, IAESTE 


It was agreed to refer the correspond- 
ence to the International Relations Com- 
mittee for appropriate study and recom- 
mendations. 


23. Dean’s Conference at Cornell Univer- 
sity 
The conference was discussed briefly 
without taking any action. 


24. Other Business 


a. The Secretary read the announce- 
ment of the death of Mrs. Florence 
Hooven. 

b. The next meeting of the Executive 
Board will be at The Pennsylvania State 
University, Monday morning June 20, the 
exact time and place to be announced 
later. 

ce. There being no further business the 
meeting adjourned at 6:40 P.M. 


Respectfully submitted, 
W. CoLuins 
Secretary 


For: 
ence into | 
agenda) : 
er dated) 
R. D. | 
Energy) 
vreed the | 
commen: 
pursit 
| 
titutiona 
pplicants) 
approve 
. 
reditatiol | 
| 
ution Wa 
op office 


ANNUAL MEETING 


June 20-24, 1955 


Pennsylvania State University 


UNIVERSITY PARK, PENNA. 
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Theory and application combined 
Study of induction-motor circuits speeded 


with G-E 72-Terminal Induction Motor 


MORE THAN 20 RATINGS are possible G-E 72-Terminal Induction Motor can 
with the G-E 72-Terminal Induction help youintroduce induction-motor design 
Motor. Designed so the student cancom- and connection, contact your nearest G-E 
bine theoretical work with actual practice Apparatus Sales Office, or write for 
in selecting circuits for combinations of Bulletin GEC-659 to General Electric Co., 
phase and speed, this equipment allows Section 688-9, Schenectady 5, N. Y. 

the student to test various combinations 
for comparative torque, hp output, effi- 
ciency, power factor, and other character- 
istics. 


TEN MOTORS IN ONE is actually what the 
student has at his disposal since the motor 
can be wired in the minimum of time for 
ten different combinations of phase, volt- 
age, and number of poles. 


For more information about how the 


YOUR COPY of this 
16-page bulletin, 
GEA-5526, containing 
information on the 
specially designed 
G-E Educational Equip- 
ment for electrical 
laboratories is avail- 
able on request. 


JOUR. ENG. ED.—May 1955 13 : 
Le 
> 


Unexcelled 


portunities 


FOR YOUR GRADUATES 


As a leading manufacturer in four great basic industries, a 
builder of scores of types of equipment, a seller of more than 
1600 products—Allis-Chalmers offers training unmatched in 
scope . . . opportunities in over 90 different training locations. 


offers gradu- 
ates a chance to explore their 
own aptitudes and inclinations... 
discover by doing, the work they 
like best. 


They can study any one of many 
diverse types of equipment includ- 
ing: power generation, distribution 
and utilization apparatus... min- 
ing or cement-making machinery 
. . . food or chemical processing 
equipment ... atomic energy... 
and general manufacturing. They 


Trainees get classroom, shop and 
field experience . . . have close per- 
sonal contact with top-flight, na- 
tionally recognized experts in their 
proposed line of work. 


can specialize in design, produc- 
tion, sales, research, installation or 
service. 


For details on the Allis-Chalmers 
graduate training course, talk with 
the A-C representative who will be 
visiting your campus . . . contact 
the nearest A-C District Sales Of- 
fice .. . or write, Graduate Train- 
ing Section, Allis-Chalmers, Mil- 
waukee 1, Wisconsin. 


QUICK FACTS 


1. THE COURSE: Established in 1904, 
it's recognized today as one of the most 
comprehensive, most workable pro- 
grams of its kind. 


2. ITS OPERATION: Covers a maxi- 
mum of 24 months. Counselors help 
trainees plan their courses; are always 
available for personal guidance. 


3. ITS OPTIONS: Trainee selects own 
course. If his interests change, he can 
alter his course. 


4. ITS OBJECTIVES: The program is 
designed to put the right man in the 
right job, to develop men of manage- 
ment potential. Many members of to- 
day's management are graduates. 


ALLIS-CHALMERS 
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pe 874-MD Sweep Drive . . . for G-R Slotted Line ° 


| This device represents an important advance in the field 
automatic instrumentation. In conjunction with the 
ed Line, it makes possible accurate, truly rapid measure- 
nts of VSWR, complex reflection coefficient or impedance 
ntennas, termination filters, pads, cables and other net- 
elements. 
The Drive can be attached easily to one end of any of 
new improved Type 874-LBA Slotted Lines. Sweep 
ed and length of line swept are completely adjustable, 
n while the carriage is traveling. Optimum settings for 
ous Measurements may thus be made. 
For CRO horizontal deflection a sawtooth voltage is 
ided, the magnitude of which is accurately proportional 
parriage position. This feature permits easy calibration of 
horizontal scope axis. If the driving oscillator is square- 
modulated, a base line is made available for the scope 
VSWR can be measured directly on the scope face. Posi- 
$ of voltage minima can also be determined in this 
ner. Where preferable, a standing-wave meter can be 
i in place of the scope at slow speeds. 
This Drive has no backlash problems whatever, because 
Sweep is determined by the position of the carriage. Con- 
bently, both forward and backward sweeps are used. 


SWEEP SPEED — continuously pan from one “y sweep (46 cm) in more 
than 10 seconds, to one full sweep in less than one second. 
SWEEP RANGE — continuously adjustable from 1 o to 46 cm. 
SIGNAL FOR CRO HORIZONTAL PLATES — voltage divider with sliding 
contact on carriage provides d-c output. 
TYPE 874-LBA SLOTTED LINE ... with Adjustable Stub 
for tuning rectifier..........++-$231,00 


bular potentiometer 
travel stops)......$220.00 


GENERAL RADIO Company 


eat Street NEW YO 
8055 13th St lan Spring Md. WASHINGTON, D.C. 
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Boeing 
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offers 


long-range 


engineering careers 


Scores of Boeing engineers today are 
enjoying intriguing and rewarding 
careers because of sound advice 
given them 10, 15 or 20 years ago by, 
their college professors and place- 
ment officers. 


.Today your students will find in 
aviation—and Boeing —still greater 
opportunity and growth potential. 

Boeing today employs more engi- 
neers than at the peak of World War 
II. One out of each seven employees 
is an engineer! And stability has long 
marked an engineering career here. 
Forty-six per cent of Boeing engineers 
have been with the company for more 
than five years; 25% for more than 
10 years; 6% more than 15 years. 
There are a number with 20, 25 and 
even 30 years’ service. 


What kind of work does Boeing 
offer? Opportunity lies in three basic 
areas: Research, Design and Produc 
tion. Programs include multi-jet 
bombers, America’s first jet transport 


the Bomarc pilotless aircraft guided} 


missile system; application of nuclea 
power and supersonic flight. 


Boeing is continually seeking 
gineers of ability—electrical, civil 


mechanical, aeronautical and relateip 


fields, as well as physicists and mathe! 
maticians with advanced degrees. 


Engineers are encouraged to take 
daytime graduate studies durii 
working hours and are reimburse 
for all tuition expenses. May we set 
you—or any of your students—at 


ditional information about engine 


ing careers at Boeing? Just write 


JOHN C. SANDERS, Staff Engineer — Personnel, 
Boeing Airplane Company, Seattle 14, Wash. 
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ineering groduates being interviewed at Westinghouse 


Now... as in 1896... there’s always 
room for ambition at Westinghouse 


George Westinghouse was one of the first to realize that ambitious young men 
with vision, drive and spontaneous enthusiasm were the backbone of American 
industry. 

Westinghouse has led in developing programs for training and helping young 
engineers to reach their goals. Its million-dollar Educational Center is the 
most advanced in industry. 

The young engineer is being shown the land-based prototype for our country’s 
first atomic submarine engine . . . designed and built by Westinghouse . . . 
working with the Atomic Energy Commission and the U. S. Navy. 

There can be a great future for you at Westinghouse. For professional 
development, Westinghouse offers its Graduate Study Program, available at 
19 universities from coast to coast, and leading to Master’s and Ph.D. degrees 
. .. plus other programs tailored to fit your needs and desires. 

Yes, there’s always room for ambitious men at Westinghouse . . . and we 
help them reach their goals. 


This is one of the Westinghouse ads currently running in college engineering 
magazines. For further details write: Education Department, Westinghouse 
Electric Corporation, East Pittsburgh, Pa. G-10284-B 


you CAN BE SURE...iF ws Westinghouse 
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ELECTRONICS 


easy to teach 
to liearn 


with the New, LOW COST 


JOUR. ENG. ED.—May 1955 


Crow Basic Electronics 


Kit. ee Model 50-A 


YOU TEACH BY VISUAL EXPERIMENT 
~YOUR STUDENTS LEARN BY DOING 


@ Here's another important “first” from 
Crow Electri-Craft—electronics by visual 
experiment! This unique new kit is designed 
for students who have completed the Be- 
ginners’ Electricity course with Crow Electri- 
Kit Model 41-B or equivalent training. It 
permits them to advance immediately into 
the study of electronics. They learn by 
doing; that is, they verify electronic prin- 
ciples by building their own operating as- 
semblies . . . the most fascinating and ef- 
fective instruction method ever devised. 


Model 50-A contains 82 precision-made 
components—everything needed to per- 
form 60 experiments in electronic funda- 
mentals. A 275-page, illustrated manual in 
worksheet form is also included. It guides 
students step-by-step ... shows what parts 
are needed for each assembly, how to set 
it up, and how the theory involved is put 
to practical use. 


This Basic Kit provides a solid foundation 
for further training in specialized electronic 
fields—Radio Transmitting and Receiv- 
ing, Industrial Electronic Circuitry, or 
Basic Radar and Television Circuitry. All 
of these principles are covered in the Crow 
Electronic Tubes, Circuits and Devices Kit 
(Model 53) available soon. 


CROW ELECTRI-CRAIT CORP. 


60 Operating Assemblies 


Capacitors Voltage Dividers Vibrate 


Electrical Indicating Instruments 
Rectifiers « Fly-back Voltage Supply Principles 


“precision resistors, coils, potentiometer; rect) 
flers; capacitor bank,.ete., plus 
All parts ‘mounted for: 
tors, Supp 


sturdy ‘coftugated. case. 


“For Model 50+A. Has | pegbourd jop and 
hinges. Can be ‘used - gs baseboard tor 


For those: who: already: 4 


Write for bulletin describing CROW 
Basic Electronics Kit Model 50-A. 


BUILD YOUR ELECTRICAL AND ELECTRONIC 
COURSES AROUND CROW EQUIPMENT 
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Meeting the opportunities 


of tomorrow 


The opportunities for the engineer 
in the automatic control field are 
unique in their variety and the insight 
provided into all of the industries of 
tomorrow's super-modern world. 

The photos you see here symbolize 
a very few of the fields for which 
Honeywell’s several divisions build 
controls. 

These controls are made possible 
by the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 
We have positions open in many areas 
right now. 

With twelve separate divisions 
located throughout the United States 
and with factories in Canada, England 


Divisions: Appliance, Aeronauti- 
cal, Commercial, Doelcam, Heat- 
ing Controls, Heiland, Industrial, 
Marine, Micro Switch, Ordnance, 
Transistor, Valve. 


Executive offices: Minneapolis, Minn. 


and Europe, Honeywell offers un- 
limited opportunities in a variety of 
challenging fields. Based on diversifi- 
cation and balance between normal 
industry and defense activities, 
Honeywell will continue to expand. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. In 
addition to full time engineering and 
research employment we offer a Co- 
operative Work Study program, a 
Summer Student Work Study pro- 
gram and we sponsor Graduate 
Fellowships in a number of leading 
universities. For full information write 
Honeywell, Dept. JE-5-43, Minne- 
apolis 8, Minnesota. 


IN AVIATION 


Honeywell 
Fit Coil 
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AN ADVENTURE 


One example of junc- 
tion technology at Bell 
Laboratories. Herea 
junction is produced 
on the surface of sili- 
con by bombardment 
with alpha particles. 
Bombardment en- 
hances silicon’s per- 
formance at very high 
frequencies. 


One day in the ’thirties a revolutionary 
adventure began for Bell scientists. 
They were testing an experimental sili- 
con crystal they had grown to make 
microwave detectors. 


Intriguingly, they found that one end 
of the crystal conducted by means of 
positive charges, the other end with 
negative. Positive and negative regions 
met in a mysterious barrier, or junction, 
that rectified, and was sensitive to light. 
It was something entirely new... with 
challenging possibilities. 


The scientists went on to develop a 
theory of junction phenomena. They 
showed that two junctions placed back- 
to-back make an amplifier. They devised 


ways to make reproducible junctions, 
Thus, junction technology came into 
being, and the 20th Century had a new 
horizon in electronics. 


This technology has already produced 
at Bell Telephone Laboratories the 
versatile junction transistor (useful in 
amplifiers and switches); the silicon 
alloy diode (surpassingly efficient in 
electronic switching for computers); 
and the Bell Solar Battery which turns 
sunshine directly into useful amounts 
of electric current. 


This is one of many adventures if 
science which make up the day-to-day 
work at Bell Laboratories... aimed at 
improving America’s telephone service, 


Bell Telephone Laboratories 


Improving telephone service for America 
provides careers for creative men in scientific and technical fields 
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FUNDAMENTALS OF STRUCTURAL 
ANALYSIS 


By A. A. JAKKULA and HENSON K. STE- 
PHENSON, Agricultural and Mechanical 
College of Texas 
This new text, designed primarily to fit the needs of 
the beginning student, introduces the basic elements, 
fundamental principles, and elementary procedures 
involved in the stress analysis of statically determi- 
nate structures. Some of the notable features of this 
new text are: the fine treatment of floor systems and 
components; the comprehensive treatment of fluid 
pressures.on buildings, recognizing shape factors; the 
unusual coverage of cables and arches; the thorough 

treatment of mill bents of all types; and the most adequate coverage of Wind 

Loads yet to appear in an elementary text. 

288 pp. 629 Many Line Cuts © ' Cloth $4.60 


~ APPLIED KINEMATICS—Revised 3rd Edition 
By J. HARLAND BILLINGS 
Drexel Institute of Technology 

Designed for a basic course in kinematics, this text successfully pre- 
sents the theory with a maximum of application to the problems of 
engineering and industry. Basic theorems and principles are de- 
veloped rigorously from fundamentals, making full use of the student’s 
recently acquired physics and calculus, thereby giving him confidence 
in their use and purpose. Theory is followed closely by illustration— 
generally by application to engineering and production. An introduc- 
tion to the use of mechanisms in the analog computer and automatic 
control has been added in a new chapter. 

852 pp. 629 Illustrated Cloth $5.00 


POWER PLANT ENGINEERING—3rd Edition 
By FREDERICK T. MORSE 
University of Virginia 

This third edition maintains the same successful approach which dis- 
tinguished the first two editions. Continued classroom teaching, 
consulting engineering practice, and supervision and teaching of 
laboratory courses in thermodynamics and steam power plants, well 
equip the author to present the basic knowledge of the subject as 
well as its practical applications. New material on gas turbines and 
.the fundamentals of nuclear energy has been added. There is in- 
creased, coverage of the operating engineers’ problems. There are 
many solved examples and many educational illustrations. 


687 pp. 629 Well illustrated Cloth $8.76 


ENGINEERING MECHANICS—2nd Edition 


By GLEN N. COX, Chairman, Departments of Engineering Me- 
chanics and Engineering Drawing, and Professor of Hydraulics 
and Mechanics; and WILLIAM G. PLUMTREE, Assistant Profes- 
sor of Engineering Mechanics, both at New York University. 

$98 pp. 629 Illustrated Cloth $5:50 © 


PHYSICAL METALLURGY FOR ENGINEERS 


By DONALD S. CLARK and WILBUR R. 
VARNEY, California Institute of Technology 
667 pp, Wellillustrated Cloth $6.50 


INTRODUCTORY ELECTRICAL ee 
ENGINEERING (Circuits and Machines) 


By CLODIUS H. WILLIS and HENRY M. ‘gS 

CHANDLER, JR., both of Princeton Univer- 
YO 


sity 
552 pp. 629 Illustrated Cloth $7.00 
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ELECTRONIC AND RADIO ENGINEERING. 
New Fourth Edition 


By FREDERICK E. TERMAN, Stanford University. McGraw-Hill 
Electrical and Electronic Engineering Series. Ready for fall classes. 


The new revised edition of a highly successful textbook includes the 
tremendous advances in the radio industry. Particular emphasis is placed 
on developments in fundamental principles and basic techniques underlying 
all radio. All phases of radio communication are covered from the view- 
point of the engineer interested in qualitative descriptions of radio phenom- 
ena, and in making quantitative analyses for facilitating design and research. 


PRINCIPLES OF METAL CASTING 


By RICHARD W. H&INE and PHILir C. ROSENTHAL, University of 
Wisconsin; in cooperation with the Textbook Committee of the Edu- 
cation Division, American Foundrymen’s Society. Ready for fall 
classes. 


A textbook for teaching metal casting in engineering colleges and depart- 
ments. It is a thorough treatment of the subject, and can be used either for 
the general foundry processes survey course or the more detailed technical 
course in basic foundry metallurgy. No processes other than metal casting 
are considered. Sample problems and calculations, tables, graphs, line dia- 
grams, photographs, etc., are used to illustrate the principles. 


MACHINE DESIGN. New Second Edition q 
By Pav H. BLack, Ohio University. Ready for fall classes. 


As a textbook for courses and a reference book for design offices, its purpose ae 
is to acquaint the student and engineer with the design of machine elements > 

and the design and selection of units of power transmission, all incorporat- _ 
ing optimum characteristics of strength, rigidity, wear and economy of manu- 
facture and operation. The rational approach is used wherever pospible, 
and methods are developed to use advanced information where it is appli- 
cable. The revision includes many new figures, new problems, and worked- E 
out examples. 


MECHANISM 


By JOSEPH S. BEGGS, University of California, Los Angeles. Mc- 
Graw-Hill Series in Mechanical Engineering. Ready for fall classes. 


Written for courses in advanced kinematics. The choice of notation and 
the use of the canonical vector equations of relative velocity and acceleration 
offer the student an almost standard approach to the analysis of mechanism, 
and result in the rapid facility and understanding in solving cemplex prob- 
lems in mechanism. A glossary of terms is included in an appendix. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 
330 West 42nd Street - New York 36, N. Y. 
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